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SUMMARY

The Subsurface Water Data Map shows locations of repre-
sentative wells within the Study Area, depth to water at
these locations, and the quality of the water present. The
amount of subsurface water that can be extracted by wells
within the Study Area varies greatly. Wells extract water
both from bedrock aquifers and from glacial deposits that
exist at the surface throughout most of the area. Moderate
yields (a few tens of gallons per minute) are generally
available from wells penetrating the Paleozoic sandstones
and limestones at the southeast and northwest margins of the
Study Area, but the older Precambrian crystalline rocks
underlying the central portions of the area are generally
dense and impermeable so that they yield very small amounts
of water to wells. Consequently, near-surface glacial de-
posits may be the only available sources of ground water
within areas of Precambrian bedrock. In other portions of
the area where limestone and sandstone strata exist at
depth, both the glacial deposits and the bedrock may serve
as aquifers.

The glacial deposits vary greatly in composition according
to their method of deposition. Coarse sands and gravels
exist in some areas, while clayey lake deposits and till
underlie others. The most promising areas for large-scale
ground water development appear to be areas of stratified
glacial outwash sands and gravels along major streams where
yields of several hundred gallons per minute are possible
from the fairly coarse and uniform sands and gravels pres-
ent. In contrast, it may be difficult to obtain a few
gallons per minute for a small domestic supply in some of
the areas where dense Precambrian bedrock crops out at the
ground surface, or where the glacial deposits are thin and/
or clayey.

The water table is near the ground surface (0 to 10', 20',
or 30') in mich of the area. In some areas, however, depth
to water is variable, ranging from a few feet in valleys
underlain by glacial deposits to in excess of 100' in upland
areas underlain. by bedrock. There does not appear to have
been any long-term rise or fall in ground water levels
within most of the Study Area, although some local areas
have probably experienced a lowering of the water table due
to large-scale pumping operations in connection with mining
activities. Water will be encountered in most excavations
greater than 10' in depth. In excavations within Precamb-
rian areas underlain by extensive thick glacial deposits of
high permeability, such as outwash materials, flows of
several hundred gallons per minute may be encountered.



The quality of the ground water throughout the Study Area is
generally good. The only two minor water quality problems
frequently encountered are hardness and excessive iron con-
centrations, both of which can usually be alleviated by
standard water treatment methods. Some of the deeper (300'
to 400') wells in bedrock produce water that is somewhat
salty (250 to 400 ppm chloride). Also, there is some possi-
bility of bacterial contamination of shallow aquifers by
surface pollution sources, particularly within areas under-
lain by the Paleozoic limestone aquifers at the eastern and
southeastern edges of the Study Area.

Areas underlain by coarse-grained glacial deposits, such as
outwash, and by the more promising Paleozoic aquifers could
support fairly extensive additional ground water develop-
ment. Consequently, although the Precambrian rocks are
capable of only very limited yields, in most areas the over-
lying glacial deposits would serve as a source of substan-
tial amounts of ground water. Due to the variability in com-
position and thickness of the glacial deposits, it will
probably be necessary to perform geophysical investigations
and test drilling/test pumping operations to correctly lo-
cate future wells.
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EVOLUTION

Processes and Time Leading to Existing Conditions

Ground water in the Study Area is found in both bedrock
aquifers and in overlying unconsolidated deposits of glacial
origin. Within the dense Precambrian rocks and the Paleo-
zoic limestones and sandstones, water occurs in and moves
through openings such as joints, fractures, and solution
cracks. Many of these rocks had low porosities and perme-
abilities when they were first formed so that they could
not readily store or transmit water. However, both porosity

and permeability have been increased over long periods of

time. For instance, the movement of water along joints in

limestone formations gradually dissolves weaker portions of

the rocks, and solution cavities and fissures are formed--

openings which enable the limestone to function as an

aquifer.

Within the unconsolidated glacial drift materials overlying

the bedrock, water is found in the spaces between the grains

of the material, and these deposits function as aquifers as

soon as they are deposited. Materials such as outwash sands

and gravels have undergone a sorting process while being

transported by glacial melt-waters. Because of this sorting,

the resulting deposits are stratified (deposited in layers)

and some layers are composed of materials which are both

reasonably coarse and fairly uniform in size. Deposits such

as this have both high porosity and high permeability. Conse-

quently, they can readily store and transmit large quanti-

ties of water and are excellent aquifers.

Conversely, lake bed deposits which formed in areas of ponded

meltwater may be composed of predominantly fine-grained

material such as clay or silt. They consequently have low

permeabilities and generally are poor aquifers.

As water percolates through the aquifers, it dissolves min-

erals contained within the deposits. Thus, the chemical

quality of the ground water is influenced by such factors

as material type and the amount of time the water has been

in contact with the aquifer. Much of the ground water

within the Study Area is a calcium-magnesium-bicarbonate
type that is rather hard because many of the aquifers

through which the water has been moving (particularly the

limestones) are rich in calcium and magnesium carbonate.

The ground water also has significant concentrations of

iron because the rocks and glacial deposits are rich in

this metal in many areas.
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The Study Area is sparsely populated, and man has probably

had little effect on either the quality or quantity of
ground water in most portions of the area. The principal
water quality problems--hardness and excessive iron--are a
reflection of natural processes. A few exceptions where man
has affected the ground water regime exist, however. Bac-
terial contamination of shallow aquifers, particularly
limestones, has occurred in isolated areas. The source of
this pollution is probably barnyard waste or septic tank
effluent. Large-scale pumpage of water flowing into mines
has also caused lowering of the water table in the immediate
vicinity of pumping operations. in some areas, where mining
operations and the accompanying pumping have ceased, the
natural ground water regime has been reestablished and water
tables have risen. This has caused problems such as flood-
ing of basements which were constructed during the time the
water table was artificially lowered.

Anticipated Future Conditions

in the absence of large-scale development in the Study Area,
it is unlikely that significant changes in either quantity
or quality of ground water will take place within the fore-
seeable future. Ore beneficiation activities, particularly
in the Iron Range area of Marquette County require fairly
significant amounts of water, and significant increases in
this industry could mean an increased demand upon available
water resources. Water used in the ore beneficiation pro-
cesses generally becomes degraded somewhat in quality, but
it is usually passed through settling basins prior to being
returned to streams. Additionally, in most instances the
natural dilution process which occurs in the streams signi-
ficantly reduces the contamination in a fairly short dis-
tance downstream.

Although the Precambrian rocks in the center of the Study
Area are capable of yielding only small supplies of water,
it is likely that the Paleozoic aquifers and many of the
glacial drift deposits overlying the bedrock could support
fairly extensive ground water withdrawals without adversely
affecting the quantity of water available. Most of these
aquifers are not extensively developed at present, and could
support many more wells. However, the optimum development
of ground water supplies (particularly in the heterogeneous
glacial drift deposits) will require careful study and
investigation to achieve the best results and to ensure that
both subsurface and surface water supplies are not adversely
affected. Obviously, any development which resulted in
large amounts of waste water being generated and discharged
into the ground could result in deterioration of ground
water quality, and treatment of such discharges would be
necessary.

4
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DISTINCTIVE UNITS AND CHARACTERISTICS

Depth to Water

The Subsurface Water Data Map shows the locations of repre-
sentative wells within the Study Area, along with informa-
tion on the depth to water and ground water quality. Each
well is assigned an identification number according to the
well-numbering system commonly used in Michigan. The first
two parts of the well number designate township and range,
the third part of the number designates both the section
number and the number of the individual wells within the
section, and the fourth and fifth parts of the number indi-
cate the location of the well down to the specific quarter-
quarter section (40 acres) within which it is located. For
example, a typical well number might read as follows: T44N
R27W 17-1 NW SE. This number indicates well number one in
section 17, Township 44 North, Range 27 West. In addition,
NW SE indicates that the well is located in the northwest
quarter of the southeast quarter of section 17. Identifi-
cation numbers do not appear on the map, however, as they
can be readily indexed by using the Michigan System.

The depth to water in each well is shown by the coding
system presented in Table 1. Wells are grouped into 10'
class intervals for depths up to 40', and into 20' class
intervals for depths ranging from 40'-100'. Springs are
indicated by the letter "S". Detailed information on each
well appears in the Appendix. Where numerous wells are
shown within a 40 acre area, only the range in depth and
quality are indicated.

The water table is generally fairly shallow (0 to 10', 20'
or 30' in depth) within the Study Area. Ground water is
very close to the surface in valley areas, particularly in
glacial drift deposits. Some hilltop wells have depths to
water of more than 100'.

Quality of Water

Nine important ions were selected, and wells having excessive
amounts of these ions are shown by a coding system on the
Subsurface Water Data Map. Since the water quality in the
Study Area is good, in almost all cases the only important
ion in excessive amounts was iron. This is the result of
iron-rich bedrock and glacial deposits in parts of the area,
which sometimes cause the iron concentration in the ground
water to exceed the recommended limit of 0.3 mg/l. Although
not coded on the map, another water quality problem in the

5



40(

<~C

-In
CCC

0uo C, 0o
- - U)cc

wlIY

IL. Si L.

LCUI



rbb

cc~

ri U

c~co

I ICC

LO -E C

lol'

UL 
L

- j) C ~ i-_

____ __ -i(:



Table 1. LEGEND - DEPTH TO WATER IN WELLS

Spring S

0-10 ft. 0

11-20 ft. 1

21-30 ft. 2

31-40 ft. 3

41-60 ft. 4

61-80 ft. 6

81-100 ft. 8

100 ft. 10
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Study Area is high hardness values. Information on hardness
is included with the detailed chemical analysis data of well
water samples in Appendix C. The recommended limits for the
various principal ions and for total dissolved solids appear
in Table 2.

Table 2. RECOMMENDED LIMITS FOR DRINKING WATER*

Limit

Constituent in milligrams/liter

Total dissolved solids 1,000

Calcium (Ca) 200

Magnesium (Mg) 125

Sodium (Na) 200

Potassium (K) 10**

Bicarbonate (HCO3) 500

Sulfate (SO4) 250

Chloride (Cl) 250

Nitrate (NO3) 45

Iron (Fe) 0.3

Abstracted from U. S. Public Health Service, Publication
No. 956 and other sources.

No limit clearly defined for potassium; however, most
potable ground water contains less than 10 milligrams/
liter.

Aquifer Units

The various aquifer units can be divided into two broad
categories--bedrock and overlying surficial deposits--the
latter generally of glacial origin. Although glacial drift
is used as a general term to describe deposits which are of
glacial origin, it is possible to further subdivide the



2glacial deposits into the principal surficial aquifer units
based upon their composition and mode of formation. (Note:
A more detailed description of the aquifer units listed
below is presented in the Surficial Geologic Data and Bed-
rock Geologic Data reports.)

Surficial Deposits

Till Plains: Deposits with a flat or gently rolling surface
which were deposited directly from the melting ice. Till
plains can also be called ground moraines. Till is composed
primarily of unsorted and unstratified mixtures of sand,
silt, clay, and gravel. There are sometimes pockets or
lenses of sand and gravel which occur within the unsorted
till material.

Lake Bed Deposits: Deposits of silt, clay, and fine sand
deposited in glacial lakes which formed from meltwater
issuing from the glaciers. While these deposits are gener-
ally of low permeability and produce only small amounts of
water, they sometimes overlie other more permeable deposits
of sand or gravel which can be utilized as water sources.

Swamp Deposits and Recent Alluvium: These deposits are
found along streams and in broad lowland areas. They con-
sist of deposits of peat and muck, and sometimes also in-
clude or overlie sand and gravel deposits.

Outwash: Outwash is composed mainly of stratified deposits
of sand and gravel, although scattered lenses of silt and
clay may also be present. These are deposits which have
been carried by braided streams or sheet runoff of meltwater
issuing from the glacier front. Outwash plains are gener-
ally flat or gently sloping areas. Because of the sorting

of the material as it is carried by the meltwater, the
deposits are usually fairly permeable, and often are the
most productive of the glacial aquifers.

Bedrock Aquifers

Trenton and Black River Limestones: Thin, irregular beds of
gray to buff limestone and dolomite, including some inter-
bedded shale and shaly limestone and dolomite. This unit is
of Ordovician age and contains water in interconnected open-
ings along bedding planes and fractures. Many of these
openings have been enlarged by solution. Near-surface zones
of the Trenton and Black River Limestones are sometimes
subject to contamination from surface pollution sources.

A9



Undifferentiated Dolomites, Limestones, and Sandstones of
late Cambrian to early Ordovician age: These rocks consist
of beds of limestone and dolomite, sandstone, sandy and
shaly dolomite, and dolomitic sandstone. Both the limestone
and sandstone beds yield water to wells.

Munising Sandstone: The Munising Sandstone is of Cambrian
age, and is a fine, medium, and coarse-grained white, buff,
and gray sandstone. The Munising contains some lenses of
silt and shale and some conglomerate at the base.

Jacobsville Sandstone: This medium-grained quartz sandstone
is of Cambrian or possibly Precambrian age, and is generally
light red to brown in color, sometimes mottled and streaked
with white and sometimes containing beds of fine-grained
sandstone, shale, and conglomerate. The Jacobsville Sand-
stone is one of the most important bedrock aquifers in the
area and, where glacial drift is thin or absent, may be an
important source of water in some locations.

Precambrian Rocks: These are igneous, metamorphic, and
sedimentary rocks which generally underlie the younger
Paleozoic limestones and sandstones, and the glacial de-
posits. They generally have low porosity and permeabili-
ties, and are consequently not important aquifers. Better
yields can usually be obtained from the younger consolidated
and unconsolidated aquifers which overlie the Precambrian
rocks.

Ground Water Conditions in the Various Counties

Because the main source of ground water data is a series of
reports, each dealing with the ground water resources of a
particular county, the county-by-county approach has been
used in discussing the ground water resources cf the Study
Area.

Terms which are used in the discussion are defined as follows:

Water hardness scale:
soft less than 60 mg/l hardness expressed as

CaCO 3
moderately hard 60 to 120
hard 120 to 200
very hard over 200

Well yield scale:
small yields 1 to 10 gpm
moderate yields 10 to 100
large yields over 100

10



When the term "objectionable" or "excess" iron is used, it
generally means iron concentrations greater than 0.3 mg/l.
This is the limit suggested by the U. S. Public Health
Service, and larger concentrations cause staining of laundry,
sinks, and utensils, in addition to causing unpleasant taste
and promoting the growth of iron bacteria.

Alger County

Only a narrow strip along the western edge of the County is
within the Study Area. Surficial deposits within the north-
ern third of this strip consist of glacial lake deposits which
generally form only a thin veneer over high points in the
underlying bedrock. Thicker deposits may be found locally
where valleys or depressions exist in the bedrock surface.
These lake deposits are generally well sorted, permeable sand.
They form fairly important local sources of water where pre-
sent in sufficient thickness, with yields of 10 to 20 gpm
obtainable from properly constructed wells.

The surficial deposits mantling the southern two-thirds of
the strip within the Study Area form a gently undulating
till plain. The glacial drift deposits beneath this plain
are generally quite thin, and the underlying bedrock is
exposed along some road cuts as well as along the bottoms of*
many of the streams. This till plain consists of a poorly
sorted mixture of sand, silt, clay, and rock. Because the
till is thin and has generally low permeabilities, it is not
an important source of water.

Directly underlying the till in this southern portion of the
strip are the Trenton and Black River Limestone Formations.
These rocks are the principal source of water in this part
of the County. Water is found along joints, fractures, and
bedding planes, especially where these openings have been
enlarged by solution. Because the glacial drift deposits
are thin, many of the wells which take water from the Tren-
ton and Black River Limestones are less than 50' deep, and
most are less than 100' deep. These formations yield small
supplies of water for domestic and farm use, and locally can
yield up to 20 gpm, particularly if wells are located near
streams so that recharge from the stream can take place. The
Trenton and Black River Formations produce water which is
hard to very hard, and some wells also produce water con-
taining excessive iron. The principal quality problem, how-
ever, is bacterial rather than chemical. These formations
generally lie at a shallow depth so that there is little
opportunity for filtration of organic pollutants which may
originate from surface or near-surface sources such as
barnyard waste and septic tank effluents. The relatively
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il large fissures in the limestone are not able to provide the

same type of filtering action which normally occurs as bac-
terially contaminated water moves through appreciable thick-
ness of granular materials such as sand and gravel. The
thickness of the Trenton and Black River limestones ranges
from a few feet at the north edge (approximately at Township
45 North) to over 200' in the southwestern corner of the
County.

In the west-central part of the County, sandstones and dolo-
mite of Cambrian and Ordovician age are the main source of
water. The sandstone beds in the Cambro-Ordovician sequence
tend to be thinner or are absent in the western part of the
County, and most of the wells tapping these rocks take water
from crevices and solution openings in the beds of dolomite,
with yields of up to 50 gpm in some areas. The dolomites
and sandstones are probably from 150' to 200' thick and pro-
duce water of good quality. The water from the dolomite por-
tion of the sequence tends to be harder than that from the
sandstone, although both the dolomite and the sandstone pro-
duce water which is softer than that from the overlying
Trenton and Black River limestones and harder than that
from the underlying Munising sandstone, which is of Cambrian
age. This unit varies from 50' (southern Alger County) to
200' in thickness at its northern edge (approximately T46N).
This formation consists of well sorted and weakly cemented
sands of moderate permeability. The Munising sandstone has
not been extensively developed as a source of ground water,
although small to moderate yields would be possible from
this unit.

In the northwestern part of the County, the Jacobsville sand-
stone of Cambrian to Precambrian age lies at shallow depth
beneath the glacial lake deposits previously discussed, and
is the principal aquifer in the area. Because the Jacobs-
ville is a well cemented sandstone, its primary permeability
is low; however, it has a fairly high secondary permeability
due to openings along joints, fractures, and bedding planes.
The Jacobsville attains thicknesses as great as 1,000' along
the Lake Superior shoreline at the north edge of Alger County,
although it becomes thinner to the south, and disappears
entirely in southern Alger County. Most of the wells tapping
the Jacobsville are less than 100' deep. The Jacobsville
sandstone produces water which is generally moderately hard
to hard, and in some areas it contains objectionable amounts
of iron, although the excessive iron is satisfactorily reduced
to acceptable levels by commonly used treatment methods.
Some of the deeper wells in the Jacobsville produce water

12



having a high chloride content, so that it is generally advis-
able in western Alger County to complete wells in the Jacobs-
ville at as shallow a depth as is practical.

It is likely that detailed investigations would be required
to develop water supply systems producing more than 50 gpm in

Alger County.

Delta County

The only portion of Delta County which falls within the Study
Area is the extreme northwest corner. The surficial de-
posits in this part of the County consist mainly of fairly
thin till plain deposits consisting of poorly sorted clayey
material which generally has a low permeability. Consequently
the only important aquifers in the area of interest are the
bedrock aquifers lying beneath the thin mantle of glacial
drift.

The main source of water in western Delta County is the
Trenton and Black River limestones, and moderate amounts of
water are available from these bedrock aquifers. The water
is of the calcium-magnesium-bicarbonate type and is hard. In
some areas, the Trenton and Black River Formations produce
water which has a high chloride content. The thickness of
these limestones varies from 150' to 300'. The specific
capacity of wells tapping these limestones is generally low,
and large yields are generally not obtainable from them.

Lying beneath the Trenton and Black River limestones but
above the Precambrian rocks are the Munising sandstone and
the Au Train Formation, a potential water source which may
be treated as a single aquifer. The Munising sandstone,
which ranges from 50' to 200' in thickness, is cemented with
silica and is overlain by the Au Train Formation, a 300'
thick sequence of thin to medium-bedded sandy dolomite and
dolomitic sandstone containing lenses of quartz sand. Al-
though the sandstone beds yield the majority of the water
from the Munising and the Au Train, some water is also
obtained from fracturesand solution openings in the dolo-
mite beds of the Au Train Formation. Some of the wells
tapping the sandstone flow at the surface due to artesian
pressure, and yields as great as 250 gpm have been reported.
The Munising sandstone produces a calcium-magnesium-bicar-
bonate water which is generally of good quality. The Au
Train Formation yields a similar type of water, although
water from the more dolomitic parts of the Au Train Forma-
tion tends to be somewhat harder.

13



In general, development of ground water resources in Delta
County will involve problems of water quality rather than
problems in location of adequate quantities of water. Wells
tapping both the Trenton and Black River limestones, and
the underlying Munising and Au Train Formations have rela-
tively high yields.

Menominee County

The Northwestern third of Menominee County lies within the
Study Area. The surficial deposits in most of this north-
western part of the County consist of till plains, drumlins
(low, smoothly rounded, elongated and oval hills whose long
axis parallels the direction of movement of the glacier),
and shallow outwash deposits. These surficial deposits are
a mixture of clay, silt, sand, and gravel, generally less
than 40' thick, but as much as 100' thick beneath some of
the larger drumlins. The glacial deposits in the northern
part of the County tend to be more sandy than those in cen-
tral and southern Menominee County, and properly constructed
wells may yield as much as 50 gpm from these deposits in
some places.

Portions of the western edge of the County are underlain
by moraine, which tends to be thicker and sandier than the
glacial deposits in the central part of the County, and
locally includes thick and extensive beds of sand and gravel.
Properly constructed, large (8"-12") diameter wells yield
100 to 200 gpm from these deposits, which are potentially
an important source of water.

Although significant yields are possible from wells tapping
the glacial deposits, most wells obtain their water from
the underlying bedrock aquifers. The uppermost bedrock units
in much of the western part of the County are limestone and
dolomite, sandy and shaly dolomite, and dolomitic sandstone.
The sandstone beds are thicker and more extensive in the
northern part of the County, and range in thickness from 0 to
300'. Wells tapping these aquifers are from 30' to 200'
deep, average 70' to 80', and are mostly less than 100' in
depth. The wells tapping these limestones and sandstones
generally obtain yields of only 5 to 10 gpm; however, some
wells may produce as nduch as 50 gpm. Water from this unit
is generally of good quality, although it is hard, and in
some areas contains objectionable amounts of iron. Both
the hardness and excessive iron are amenable to treatment.
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Lying beneath the Cambro-Ordovician limestones and sand-
stones are sandstones of Cambrian age. This unit consists
of pink, gray, and white sandstone. The thickness varies
from 200' in the southern part to 50' in
northern part of Menominee County. Because these sandstones are
overlain in most areas by shallower and more accessible
aquifers (e.g., Cambro-Ordovician limestones and sandstones
and glacial deposits), they are not generally very impor-
tant for small domestic supplies of 5 to 10 gpm. They have
considerable potential for moderate to large supplies, how-
ever, and properly constructed wells which were deep enough
to tap the Cambrian sandstone could yield as much as 100 to
200 gpm. Wells presently tapping this sandstone for muni-
cipal or industrial use are about 400 or more feet deep.
The quality of the water from this sandstone is generally
good, low in iron content, and of moderate hardness.

The lowermost bedrock unit consists of rocks of Precambrian
age, such as granite, schist, marble, and iron formations.
The Precambrian rocks crop out in a narrow band along the
west edge of the County. The Precambrian rocks are not
important aquifers except in local areas in western Menominee
County, where the glacial drift is thin or absent. In such
areas, the Precambrian rocks yield small supplies of water
from fractured and broken zones. Little is known about the
chemical quality of water from the Precambrian rocks because
so few wells tap this unit. One sample obtained from a
well located at the west edge of the County was of good
quality, with a total dissolved solids content of 315 ppm
and a hardness of only 76 ppm.

In Menominee County, the natural ground water discharge
from aquifers (spring flow) far exceeds present ground water
pumpage so that there is a good potential for development
of ground water resources in the County.

Marquette County

The economy of Marquette County is geared to the iron ore
industry, and because of the water requirements in ore
beneficiation processes, fairly heavy demands are made upon
the water resources of the area. Almost all of this County
lies within the Study Area.

The aquifers consist of bedrock, overlying glacial drift
and alluvium. The bedrock is primarily of Precambrian age,
although there are some areas of Cambrian sandstone in the
eastern and southeastern part of the County. The glacial
deposits consist of relatively thin till deposits overlying
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the bedrock and also areas of fairly thick outwash deposits
(up to 250' thick). The yields from Precambrian bedrock
tend to be low, as these rocks generally have low porosity
and permeability. The water supply potential of the glacial

drift aquifers is related to both their composition and
thickness. The best sources for ground water development
are thick glacial outwash and alluvial deposits, while the
least favorable areas are those in which Precambrian bedrock
is overlain by only a thin mantle of glacial drift.

In the area southeast of Goose Lake, there is a fairly exten-
sive outwash deposit consisting mainly of sand. Knobs of
bedrock exposed in the outwash plain indicate a very irregular
bedrock surface lying beneath the outwash deposits. However,
the outwash material attains a thickness of as much as 240'
in some areas. The depths to water in this material range
from less than 5' to about 150'.

A pumping test conducted with a flowrate of 310 gpm and a
duration of 15 hours in the outwash material indicated a
coefficient of transmissibility of 130,000 gallons/day/foot
and a storage coefficient of 0.16. The coefficient of
transmissibility is an indication of the ability of the
aquifer to transmit water, and values in excess of about
10,000 gpd/ft. generally indicate that wells will be able
to supply municipal or industrial use. The storage coeffi-
cient gives an indication of the capacity of the aquifer
to store water and generally ranges from about 0.01 to 0.35
for water table aquifers such as the glacial drift materials.

In the Humboldt area east of Lake Michigamme, the outwash has
a saturated thickness of as much as 100', and pumping tests
in this area indicate that the coefficient of transmissibility
ranges from 7,000 to 20,000 gpd/ft. and averages about 12,000
gpd/ft.

Another area of extensive outwash deposits is in the West
Branch Creek area east of Republic. The outwash in this area
attains thicknesses of up to 160', and depths to water range
from less than 10' to nearly 60' in this material. The co-
efficient of transmissibility in this area ranges from about
10,000 to 30,000 gpd/ft. Many stream valleys in this area
contain deposits of outwash and alluvium which might provide
moderate supplies of water. In the outwash and alluvial
deposits, the total dissolved solids generally range from
about 25 to 260 ppm.

In USGS Water Supply Paper 1842 by Wiitala, et al. (1967),
results of chemical analyses of ground water from the Mar-
qutte-Iron Range area are presented, which indicate that the
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outwash or alluvium produces soft to moderately hard water,
with nearly one-half of the wells tapping these deposits
having soft water (60 ppm or less). The most objectionable
constituent of water from wells in the area covered by the
report was iron. Of 37 samples analyzed for iron, more than
half exceeded the recommended limit of 0.3 ppm, and about
one-third had in excess of 1 ppm of iron. When the iron
concentration is as great as 1 ppm, there is a possibility
of precipitate formation and clogging of pipes. The maxi-
mum iron concentration found in waters from the outwash
materials in the Iron Range area was 8.1 ppm.

Although detailed information on the water supply character-
istics of the Cambrian sandstones which overlie the Precam-
brian rocks in the eastern part of the Marquette-Iron Range
area was not given in Water Supply Paper 1842, it is prob-
able that these sandstones would produce small to moderate
yields from fractures and other openings.

Because the majority of Marquette County is underlain by
dense Precambrian bedrock, the overlying glacial deposit
aquifers are the most important sources of ground water,
and the most promising areas are those where fairly exten-
sive and thick outwash and alluvial deposits are found.

Dickinson County

Dickinson County lies completely within the Study Area,
and the bedrock under most of the County is made up of
igneous and metamorphic rocks of Precambrian age. Along
the east edge of the County, the Precambrian rocks are over-
lain by sandstones of Cambrian age and sandy dolomites and
dolomitic sandstones of Cambrian and Ordovician age.

Large diameter wells penetrating over 50' into these Cambro-
Ordovician rocks may yield up to 50 gpm. If satisfactory
yields are not obtained, wells may be deepened to pene-
trate the underlying Cambrian sandstones. In the Cambrian
sandstones, large diameter wells which penetrate over 50'
into the sandstone may yield as much as 100 gpm. The thick-
ness of these Cambrian and Cambro-Ordovician deposits ranges
from perhaps 100' at the east edge of the County to zero
at approximately the west edge of Range 27 West.

In areas further west where the bedrock is of Precambrian
age and crops out at the surface or has only a thin covering
of glacial deposit, the potential for development of high
capacity wells is poor. Although specific capacities of
as much as 5 gpm/ft. of drawdown have been reported in wells
tapping the Precambrian, most wells have a specific capa-
city of less than 1 gpm/ft. In the areas where the Precam-
brian bedrock crops out or lies at a shallow depth, the most
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promising areas for wells are generally in the valleys where
there is more likely to be somewhat thicker glacial deposits
and more extensively weathered zones in the bedrock. If
more than 20' of permeable glacial deposit overlying the
bedrock is present, domestic supplies of a few gpm may be
developed, and a few wells may yield more than 10 gpm.
Because joints and fractures in the Precambrian bedrock tend
to become smaller and less extensive with depth, it is
generally futile to drill more than about 100' into bedrock.

In other areas of the County where thicker outwash deposits
of sand and gravel overlie the Precambrian bedrock, wells
over 12" in diameter may produce yields in excess of 100
gpm. The best sites for wells in outwash deposits are in
valleys, on low terraces, or along streams where the poten-
tial for recharge is good.

Another surficial deposit found in Dickinson County is that
of sandy till with pockets of sand and gravel. Although
large diameter wells tapping sandy till along streams or
near lakes may yield as much as 100 gpm, there is a possi-
bility that yields may decline with time, since these aqui-
fers are generally of small areal extent.

Glacial till deposits composed of unsorted and unstratified
mixtures of sand, silt, clay, and stones will generally have
only small yields, and only a few wells will yield more than
10 gpm. This material is often relatively impermeable, and
dug wells having large infiltration areas and large storage
capacities are sometimes more successful than smaller dia-
meter drilled or driven wells.

Another category of surficial deposit found in Dickinson
County is swamp deposits. These deposits include peat and
muck, and are generally confined to flat lowland areas
alongside streams, lakes, or former lakes. Because these
deposits sometimes overlie thick deposits of sand and
gravel, large diameter wells may yield 100 gpm.

Ground water in Dickinson County is generally hard to very
hard (150 to 250 ppm with a few wells and springs more than
300 ppm). The iron content of both glacial deposit and
bedrock wells is quite variable, and ranges from less than
0.1 ppm to more than 4 ppm. Both hardness and excessive
iron are amenable to treatment, and the quality of ground
water in the County is otherwise generally suitable for
household and most other uses.
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H! In summary, the glacial deposits are the major source of
ground water in Dickinson County, but the physical proper-
ties of these materials vary widely, and they exhibit
specific capacities ranging from less than 1 to more than
300 gpm/ft. of drawdown. Because the surface of the under-
lying bedrock is highly irregular (especially within areas
of Precambrian rock), the glacial deposits also vary in
thickness from 1' to more than 150'. Wells in the County
range from 1 " to 60" in diameter and from 12' to more than
350' in depth, but most of the wells are 5" to 6" in dia-
meter and 25' to 100' deep. The most favorable areas for
large-scale ground water development are in sand and gravel
deposits along major streams, while the least favorable
areas are those in which Precambrian rocks crop out or are
covered by only a thin mantling of glacial deposits.

Baraga County

Baraga County lies almost entirely within the Study Area.
Water is obtained from both bedrock and glacial deposit
aquifers. The glacial deposit aquifers are generally
more productive, with yields ranging from 5 to 115 gpm and
averaging about 30 gpm. Wells in the glacial deposits are
generally less than 100' deep. The yield from the bedrock
ranges from 1.5 to 50 gpm, with an average value of about
10 gpm.

In the northwest part of the County, most wells take their
water from the Jacobsville sandstone bedrock and are from
100' to 500' deep. These wells generally penetrate 50 to
250 feet of sandstone. Wells deeper than about 200 feet
may contain as much as 500 mg/l of chloride. The wells
drilled in glacial deposits are shallower--perhaps no
more than about 200' deep.

On the Abbaye Peninsula, both bedrock and glacial deposit

wells are 100' to 200' deep, and may produce water having
a high iron content. In northeastern Baraga County, a I
few wells obtain good quality water from glacial deposits
although bedrock wells may produce water having a high
chloride content. In the central portion of the County,
there is very limited ground water development. Most
household wells are in glacial deposits and are generally
less than 100' deep. There are also some springs that
yield water from glacial deposits. The wells tapping bed-
rock in this area are generally less than 100' deep and
have only limited yields. In the south-central part of
the County, conditions for ground water development appear
to be unfavorable and very limited development has taken
place.

19



In the Three Lakes resort area, most wells are less than
100' deep, and obtain water from the glacial deposits.
Iron concentrations of over 5 mg/i are common in glacial
deposit wells, although bedrock wells tend to produce
water having a lower iron content.

There is a wide variation in water quality throughout the
County. Shallow wells tapping the glacial materials tend
to produce water having a low pH (acidic water). Most of
the glacial deposit wells and a few of the bedrock wells
have significant amounts of iron in their water, although
iron content varies with well location.

Iron County

The eastern two-thirds of Iron County lies within the Study
Area, and is underlain by hard and dense metamorphic and
igneous Precambrian bedrock mantled by various types of
glacial deposits. The wells tapping bedrock generally have
low yields, with some wells yielding only about 1 gpm.
Because fractures in the bedrock tend to become smaller and
less numerous with depth, few wells are drilled more than
100' into the bedrock. The specific capacity of most
wells drawing water from the bedrock is less than 1 gpm/ft.
of drawdown. Most of the bedrock wells tend to have low
iron content, although perhaps one-third of the wells have
iron concentrations in excess of 0.3 ppm. The Precambrian
rocks tend to yield mcderately hard to hard water, and
Doonan and Hendrickson (1967) state in their report that
none of the samples tested from wells in the Precambrian
were less than 60 ppm hardness.

Springs are not numerous in iron County, and are found
mainly in areas of moraines or till plain deposits. These
springs typically yield only about 1 gpm, although springs
emerging from outwash deposits near streams have been
known to yield as much as 30 gpm.

Since bedrock within Iron County consists almost entirely
of dense Precambrian rocks, the overlying glacial deposit
which covers more than 90% of the area is the most impor-
tant source of ground water. A variety of surficial de-
posits are present in the County.

Moraines are ice-deposited features formed along the edge
of retreating glaciers and consist primarily of unsorted
sand, gravel, silt, and clay, with occasional lenses of
sand and gravel. Most of the wells tapping the morainal
deposits are 5" to 6" in diameter and are generally less
than 100' deep. They normally yield enough water for
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domestic supplies, although specific capacities of most
wells are less than 1 gpm/ft. of drawdown. The depth to
water in the moraine deposits ranges from 3' near streams
or lakes to as much as 133' in wells located on hilltops.
Water from the moraines is generally hard, with perhaps
75% of the wells falling in the moderately hard to hard
category. The water also tends to have fairly high iron
concentrations, with perhaps only about one-third of the
wells having less than the recommended limit of 0.3 ppm.

Till plain deposits are another source of ground water and
have small to moderate yields. Localized areas can some-
times be found which contain lenses and pockets of sand
and gravel, in which case larger yields may be obtainable.
Depth to water in wells tapping the till plain deposits
ranges from about 9' in low-lying areas to about 100' or
more on the hilltops. Most of the wells tend to have a
specific capacity of more than 1 gpm/ft. of drawdown, al-
though specific capacity values in this material may range
from less than 0.1 to more than 30 gpm/ft. The till plain
wells generally produce rather hard water, with more than
half in the moderately hard to hard class and about one-
fourth in the very hard class. The iron content tends to
be low, with most wells producing water having less than
0.3 ppm iron concentration.

The outwash plains, although of limited areal extent, are
the most favorable areas for obtaining large supplies of
ground water. Large diameter wells located along stream
valleys produce enough water for municipal or industrial
supplies, and yields of several hundred gpm are possible in
some areas. Most of the high production wells in the County
are near major streams, and it is probable that many of
these wells are obtaining recharge from the streams. The
specific capacities in the wells tapping the outwash de-
posits range from 0.1 to 28 gpm/ft. of drawdown, and depth
to water in areas along streams is generally low, the water
is mostly moderately hard to hard, and some of the water
from these wells is very hard.

There are also some areas of swamp deposits in Iron County.
In places along stream valleys where these fine-grained
deposits are underlain by coarse sand and gravel, large
municipal or industrial water supplies could be developed.

In general, the total dissolved solids content of ground
water in Iron County is probably less than about 500 ppm.
Much of the water tends to be moderately hard to hard, so
that softening is often necessary or desirable. About
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half the wells produce water having excessive (more than 0.3
ppm) iron, and iron removal is desirable. Some bacterial
contamination from septic tank effluent may be present in
some shallow aquifers in the southern part of the County.
However, the water quality is generally satisfactory for
most uses, and the iron and hardness problems can usually be
solved by standard treatment methods.

To summarize, the main source of ground water in the County
is the glacial deposits overlying the dense Precambrian
bedrock. The most favorable areas for large-scale ground
water development are outwash deposits located along major
streams, while the least favorable areas are those in which
bedrock crops out or has only a thin covering of glacial
material. The most favorable areas for ground water devel-
opment are in stream valleys or other low areas, although
the thickness and composition of the glacial deposits pre-
sent must be considered in addition to the topographic
situation.

Houghton County

Only a very small part of east-central Houghton County lies
within the Study Area. In this area, wells yielding up to
about 50 gpm may be developed from the Jacobsville sandstone
at depths ranging to about 500'. Water from depths of
greater than 200' may be high in chloride.

Small yields may be expected from glacial deposits at depths
probably less than 100'. The largest yields from surficial
deposits can probably be expected from the alluvial deposits
in the Sturgeon River valley. This Sturgeon River, which
originates in Baraga County and flows generally west and
then north before terminating in Portage Lake below Houghton
City, is not to be confused with the Sturgeon River that
originates near the Town of Sagola in Dickinson County and
flows generally east and south through the Sturgeon River
State Forest before emptying into the Menominee River below
the Town of Vulcan.
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RELATIONSHIP TO OTHER DATA

Depth to Water

Depth to water within the Study Area could prove to be of

considerable importance in several respects. For construc-
ji tion operations involving large excavations, the depth to

water could be of significance in the dewatering of exca-
vation. Areas where water is near the surface could prove
to be more difficult to dewater. Dewatering operations
during construction excavation could conceivably cause a
general lowering of the water table in the vicinity of any
construction areas where large amounts of dewatering proved
to be necessary. In some areas where mine dewatering has
caused long-term lowering of the water table, flooding
of basements has occurred due to rising water tables fol-
lowing cessation of pumping. A conceivable effect of a
general lowering of the water table during construction
would be a temporary decrease or perhaps even cessation in
the yields of water wells located close to areas where
large-scale dewatering operations were taking place.
Large-scale ground water extractions carried out over a
long period of time could conceivably cause some compac-
tion of granular glacial deposits, with resulting land
subsidence.

Quality of Water

The quality of ground water and the amounts and types of
dissolved materials in the water could have several effects.
Various factors operate to affect the quality of the ground
water. Lithology is one important factor, and in the
Study Area, the rock types present have a definite effect
on the dissolved materials found in the ground water.

Waters of the Study Area tend to be rich in calcium, mag-
nesium, and bicarbonate because many of the rocks (particu-
larly limestones) are rich in these materials and as water
moves through the rocks, it becomes a calcium-magnesium-
bicarbonate type water having a high degree of hardness.
The fact that the waters of this region are very hard is
significant. If the water is to be used for water supply
purposes, it would cause the formation of scale in piping,
water heaters, or other equipment through which the water
passes. The water will probably require some treatment
to remove the hardness before it will be suitable for use
in many types of equipment.
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In connection with hardness problems, it should be mentioned
that a high concentration of total dissolved solids and/or
high values of specific conductance in the water may mean it
will have corrosive properties, and this is particularly
true if chloride is present in appreciable quantities. A
corrosive water could conceivably cause problems with buried
metallic elements if they are not adequately protected.
This should not be a problem in the Study Area, since elec-
trical conductance values of the ground water are not exces-
sive--generally less than 800 microhms, while TDS values are
usually below 500 ppm.

In addition to lithology, another factor affecting ground
water quality is the rock-water contact time. If the water
moves slowly through the rocks and is in contact with the
rocks for long periods of time, then there is more oppor-
tunity for the water to dissolve material from the rocks
through which it is passing. Intensity and type of land use
can affect ground water quality, and excessive amounts of
nitrate, phosphate, sulfate, and chloride may be indicative
of pollution problems. In the Study Area, there is some
indication of bacterial contamination of shallow aquifers,
particularly limestones, due to surface pollution sources,
but this problem is not widespread or serious.

If disposal of significant quantities of waste waters
through the use of septic tanks and leach fields is re-
quired, degradation in ground water could occur. There is
some evidence of water quality degradation in shallow aqui-
fers due to septic tank effluent in some of the more highly
populated parts of southern Iron County.

Several important constituents of the water in wells were
examined, and excess quantities are shown by a coding system
on the data map. As previously mentioned, high total dis-
solved solids content or specific conductance may imply that
the water will cause corrosion problems. Also, the total
dissolved solids content is a good general indication of the
overall suitability of the water for a variety of uses; and
waters having a high TDS may contain dissolved minerals
causing the water to have a disagreeable taste or to be
unsuitable in some other respect. In the Study Area, there
are very few wells having a TDS concentration in excess of
1,000 mg/l, and many of the wells have values of less than
500 mg/l, so that high TDS values are generally not a problem.

Calcium and magnesium can be dissolved from practically all
soils and rocks, but particularly limestone and dolomite,
which are abundant in portions of the area. Calcium and
magnesium are the cause of most of the hardness and scale-
forming properties in water, and it may prove desirable or
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necessary to treat water which is excessively hard before it
will be suitable for many uses to prevent scale formation in
piping and other equipment. Sodium and potassium are also
dissolved from almost all rocks and soils, and large amounts,
in combination with chloride ion will cause the water to
have a salty taste.

High bicarbonate levels in ground water can be caused by the
action of dissolved carbon dioxide in water which is passing
through carbonate-rich rocks such as limestones or dolo-
mites. The diluted carbonic acid formed by the reaction of
carbon dioxide and water dissolves the carbonate rocks, and
a hard water, rich in calcium and magnesium bicarbonates is
the result. The hard water will cause undersirable scale
formation in piping and other equipment if it is not treated
prior to use. Sulfate in ground water can be dissolved from
rocks and soils which contain gypsum, iron sulfides, or
other sulfur compounds. If calcium or magnesium are also
present, the resulting calcium or magnesium sulfate may be
one of the sources of hardness in the water. If sulfate is
present in large amounts, it may impart a bitter taste to
the water.

Because there are iron-bearing formations in parts of the
Study Area, many of the wells produce water which has iron
concentrations in excess of the recommended limit of 0.3
mg/l. As the ground water percolates through these iron-rich
materials, iron is dissolved so that the ground water often
contains significant quantities of iron. When this iron-
rich ground water is pumped to the surface and exposed to
the air, the iron oxidizes and produces a reddish brown
sediment which causes staining problems in laundry, uten-
sils, sinks, or other equipment in contact with the water.
Iron-rich water may also have an unpleasant taste and will
favor the growth of certain bacteria which utilize iron as
part of their metabolism. These bacteria can form growths
large enough to cause clogging of pipes, well screens, etc.,
so it is desirable to remove excessive iron to avoid these
problems. Although many of the wells in the Study Area
produce iron-rich water, standard treatment systems are
generally effective in removing iron.

Chloride is dissolved from rocks and soils but is also
present in sewage, and large amounts of chloride ions may
be indicative of pollution problems. Large amounts of
chloride will also increase the corrosiveness of water, and
may give the water a disagreeable salty taste, especially
if soidum is also present.
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Nitrate in water may be caused by decaying organic matter,
sewage, fertilizer, and nitrates in soil. It is not norm-
ally an important natural constituent of ground water, how-
ever, and high nitrate concentrations should be viewed as
an indicator and a warning that pollution may be taking
place, and that there is a possibility that harmful bacteria

are present. Nitrate also encourages the growth of algae
and other organisms which produce undesirable tastes and
odors.

Aquifer Properties and Yields

One aquifer property of considerable importance is trans-
missibility, which is an indication of its ability to trans-
mit water.

Although no values of transmissibility were available for
the bedrock aquifers of the Study Area, it is probable that
values in the Precambrian rocks are low. Some of the Paleo-
zoic rocks bordering the Precambrian, however, probably have
fairly high transmissibility values. Some of the glacial
drift materials have high values of transmissibility, and
pumping tests conducted in the Iron Range area of Marquette
County indicated that glacial deposits in this area have
transmissibility values ranging from 3,000 to as much as
150,000 gallons per day per foot (gpd/ft). Transmissibility
is an important parameter in connection with such consider-
ations as developing a ground water supply (high value of
transmissibility desirable) or dewatering operations during
construction (low value desirable).

Another important property of the aquifer is its porosity.
The porosity is an indication of the void space within the
aquifer and is an index of the aquifer's ability to store
water. Although no porosity figures are given for the vari-
ous aquifer units, it is probable that the Precambrian rocks
have significantly lower porosity values than some of the
younger Paleozoic rocks which border the Precambrian. The
glacial drift materials which overlie both the Precambrian
and Paleczoij bedrock in most of the Study Area generally
have a higner porosity than the relatively dense Precam-
brian rocks. High porosity values and consequent large
water storage potential would obviously be desirable from
the viewpoint of developing a water supply, and undesirable
when considering potential dewatering requirements.

Another property which is important is the specific capac-
ity. This is an indication of the ability of the aquifer
to supply water to a well, and large values would be de-
sirable from a water-supply development viewpoint and un-
desirable from a dewatering viewpoint. Specific capacities
in the Precambrian rocks are low, usually less than 1 gpm/ft.
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Well yield data and specific capacity data are available on
a fairly large number of wells in the Study Area. These
data are tabulated in Appendix B. As can be seen from these
data, while the dense Precambrian rocks generally have low
yields and low specific capacities, the younger rocks such
as the Paleozoic limestones and sandstones can have fairly
high yields and specific capacities. In general, the high-
est yields and specific capacities are found in the glacial
drift material, where yields can be several hundred gpm and
specific capacity values of up to 70 gpm/ft.

The well yields from the Precambrian rocks are generally
low, often less than 10 gpm. The most favorable areas for
ground water development in the areas where Precambrian
rocks are at, or near, the surface are generally the valleys
where the bedrock may be more weathered and greater thick-
nesses of glacial overburden may be present. The Paleozoic
sandstones and limestones generally have small to moderate
yields, although yields from these rocks can be 200 to 300
gpm in some areas. Some of the glacial deposits, particu-
larly outwash sands and gravels along major streams, can
have high yields--as much as several hundred gpm.
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VALIDITY

General Procedures

A bibliography of water-oriented data sources was compiled
at the Michigan Technological University in Houghton, and
was later expanded at the U. S. Geological Survey Library
in Menlo Park, California, and the Stanford University
Libraries. As publications were researched, additional
data sources were found which were then added to the list.

A review of the data sources was made, and copies of valu-
able information were obtained. Visits were made and discus-
sions were held with various individuals from universities,
private companies, and both State and local government agen-
cies in Michigan. A great deal of valuable information was
obtained during these visits and discussions.

Pertinent information was abstracted from the various data
sources and was synthesized into the drawings, tables, and
text dealing with the subsurface water hydrology of the Study
Area.

Data Sources

The primary source of data for ground water information in
the Study Area was a series of reports, each usually deal-
ing with a single county, which were done jointly by the
USGS and the Geological Survey Division of the Michigan
Department of Natural Resources. Reports were available
for all eight counties of interest, although in the case of
Marquette County, work is in progress, and the report has
not yet been published. In Marquette County, the unpub-
lished information was supplemented by USGS Water Supply
Paper 1842, published in 1967. This report deals with
both the surface water and ground water resources of the
Marquette-Iron Range area in Marquette County. The County
ground water reports are all fairly recent, the earliest
(Delta County) being published in 1960.

These reports generally discussed items such as the bedrock
and surficial geology and how they were related to the
quantity and quality of ground water available. The vari-
ous bedrock and glacial aquifers were described and discus-
sed. Information on representative wells and springs was
included, and in most cases, tabular data dealt with items
of information such as well diameters, depths to water,
depth of well, aquifer tapped, etc. Water quality data
were also generally available, and some information on well
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yields and specific capacities was usually available in
these reports. In general, the county reports gave a
good summary of ground water conditions in the area.

Data Reliability/Limitations

hi The county ground water reports utilized as the major
source of information for this study are considered to be
generally up to date and reliable. These reports were
usually based upon geologic data and records of water wells
from the files of the Michigan Geological Survey, the
U. S. Geological Survey, and from private well drilling
companies. This information was supplemented by field in-
ventory of selected wells and reconnaissance mapping of
surficial formations in the field. All of the data were
then used in the preparation of the county reports.

Although these reports do not give data on all wells existing
in the various counties, discussions with USGS officials in
Escanaba, Michigan, revealed that the reports typically in-
clude tabular data on approximately one-half of the well
records on file at the time the report was written. The data
selected for inclusion in each report were carefully ex-
amined to give a representative and accurate picture of
ground water conditions and resources in the county. Because
these reports did not include all data on file, and because
additional wells have been drilled since the reports were
published, there was some concern about whether the county
reports needed to be supplemented by additional information
on file with the USGS. This question was brought up in
discussions with the Escanaba office of the USGS, and it was
decided that the county ground water reports gave an accur-
ate picture suitable for the present study and that the
reports need not be supplemented.

With respect to locational reliability of the wells, the
well location and identification system used in Michigan
has been previously discussed, and this system allows the
location of wells to within a 40 acre area, and measuring
1/4 mile by 1/4 mile on the ground. With respect to chem-
ical analyses, the laboratory analyses are considered to
be very accurate. In some instances, analyses have been
performed in the field using a portable analysis kit, and
the results are probably accurate to within +10% to +30%,
depending upon the concentration and type of constitUent
being analyzed. Although five important cations and four
important anions are included in the "excess ion" symbol
shown on the map, it should be realized that in some cases,
concentrations of some of these important ions have not been
determined in the water analysis, so this represents a limita-
tion on some of the water quality data appearing in the county
ground water reports.
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ALGER COUNTY

WELL RECORDS
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Records of veIls and test boles in Alger County

Aquifer: Cj, Jocoboville Sandstone; Ce, Munising Sandstone; Ou, rocks of Ordovlci&n and Cambrian age, undiffaentiated; Obr,
Dlsc River Limestone; Ot, Trenton Limestone; Qgd, glacial drift, undifferentiated; Q4, glacial send; Qg, glacial gravel;
Qg, glacial sand and gravel.

Use: D, domestic; I, industrial; N, not used; 0, observation vell; P, public supply; T, test vevl

Depth to Water: In feet below laid surface; M, msesured; R, reported.

Altitude: In feet above mean sea level, estimated from U. S. eological Survey topographic aps.

V I
Cc00 -

. Ovner Driller f i1,1!_ _lmarks

IIx Z ' 'C

...'F 71og
e s 

To ern- P .7resi surface.

0.1.~8 .. .. ----....--. .. . ................
9.1 t1W rr, I'ter Arsenault I II ::

5. N? ich. Hu.y. o.~t. We. Nance I -- I 5 IObr P 22 B156 1 995 IBedrock at 21. feet.
9. -------- ..........l 1s "981 T --.- --- 1.... 935 Test Vel for mineral.
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BARAGA COUNTY
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DELTA COUNTYI WELL RECORDS
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aCeoro Of 11ile and test hole * I I Dlta Cojnt

Use- D, dmestic; S, stock; P, public supply; 1, ijnustriaT; T e, i test;

Ti, iron ore test; D, fomation boring; .v, vater teot.

Water level: To feet helov or above (*) lan olsurf se dat..; N, wasirei;
1, reported.

Altitude: In feet above n sea level (estimted from advence rrits of
U. S. Geological Survey topograpbic maps).

4. C:0 4°' i

0 04
r 4.4 I t ,

I , . . . . .
1. 00 01 :3 a

5. V. V . 13 ,

1131 23W
4-i S WE M. Ban$eo - 12 .8 g d D 7 X 10-24-58 IC05 Abandoned.
5.1 S SEI Mrs. Leech - 16 60 QgA D 9 " 1,258 ki"
5-2 SW S W Lathrop School - 150 6 otb P 21 H 10-24-. 1,kOO Do.
6-1 E sE a. R. Stegath 85 60th 0 - - I-
6-2 I WE C and UWRR - - 9 - - I - . 05 Bedrock at 9 ft.
6-3 WE Si Berthyl Hansen Tom Rice and Son 1942 98 6 otb p 16 OA 10-21.51
6o. WN NW ravid Williamson D. Williamson 11 6o Qad D r X 10-27-58 1'055 Bedrock at 10 ft.

Ob
8-1 t SW C and NW By. - 11 - - B - O08 edrock at I1ft.
8-2 SW IN do. - 10 - - - . W2 Bedrock at 10 ft.

21.1 SW NWE John Nieni Tom Rice and Son 1944 8 5 Otb 06 - 90
21-2 NW 1Ir J. C. Bartlett Fred Rice 1956 ho - O 0b D -90
?l-3 NW N do. - 10 l4 gd 0 -90
24-1 I WE Toivo Lamp - 1928 22 36 Qgd D - 9.0 edrock at 0 ft.
28-1 NW ME C and NW I. - 7 - - B - 978 Bedrock at 7 ft.
28-2 NW VW Victor Kallio Tom Rice and Son 1943 30 5 Ob D- . 90 Bedrock at 10 ft.
28-3 SE SE John Toyra do. 1944 41 3Orb DS * 975 Bedrock at 11 ft.
28. Sw SE Charles Valeen do. 1943 102 5 Ob 15 - 80 Bedrock at 12 ft.
32-i NW SW Sulo Auer do. 1918 122 5 Otb 15 - 93) Bedrock at 20 ft.
32-2 NW NW Andrew Topala do. 191.3 8 5 Oth D6 990 Bedrock at 9 ft.
34-1. SWER F. R. lMttile do. 19.0 365 i Oat iD 6 0 R O 190 9(4

"31 22W I II I II I
6-I SW SWI Erick Osterburg 7 60 ,gaS S 1 3.1 N I 10.-38 950 1Abando.led.

SW Ewa.Kale Toe R',,. ice.an Son' o'1.6 ' ,' I--I I "i
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DICKINSON COUNTY

WELL RECORDS
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Wall Reords

Exnaftatio

Veils are identified 1cording to their geographical tomship location. for exmpla. "44N 308 23-1 SE WE" refers
to well t, situated in the sautheast quarter of the northeast quarter of section 23. of Towiship " North. Range 30 Vest.

Altitudes are estimated from topographic maps.

Pc . irecambrian I ....o.. Industrial
Pa . hleonoic S . Stoc 0 ....... Observatin
Gd ....... Glacial Drift P ....... Pblic supply

3,

"AN 30W
23:1 St WiE Joe D&Ult Anderson 1962 6 87 PC D 64 1962 1430 ...
23-2 SW HE Joe Dalt Kleiman 1957 6 69 PC 7 22 3-15-57 1420 60
23-.3 RE "t E. J. DeGsynr Kleiman 1938 6 79 PC D 13 6- 2-58 1420 61
28-1 Se HE Dick: Co. 4-ON Club Anderson 1951 6 its PC 1 0 It -13-51 t420 170 Well abandoned because of

aees:l" Isilt. Cased to10 et.
33 1 Hl l E p at v uk lan d K le m n 1962 3 it d D 32 7- 16-62 140 0 ... Ca sed to 68 f at .

44M 2_.
10-1 S tr SW Casper U 1riks g~le na l 1962 3 9 C 0 36.27 7-30- " 128 0 ...

27-1 SE SW Caesar Atmone Owner 1934 60 13 Od D 11.16 9- 9.6" 1260 ...

17-1 NW/ SW J. McGregor Kleiman 1956 6 43 Od D 22 6- 9-56 1240 ...

9 -1 $W M W r. pte n A d rso n .. . . 5 2 1 G d 0 I $ ... . 1 20 ...

9-2 iN S9 laurence Garay Tuoulnen 1960 6 107 PC 0 34 1960 1360 102 Cased to 102 feet.
11:1 HdE SW fred Janus I Iloan 1963 6 68 PC D 41 6-13-63 1360 18 Cased to 20 toot.
29s1 HE ti o . V n 011der Aderson 1950 5 o3 -- 36 1950 1410 ... Cased to 66 feet.

29-2 J$V St Oms Dishaw Cloe 1934 6 69 PC D 311 9-24-63 1480 40
29-3 St SE $00s1a To wship ........ 1923 6 115 Gd P ...... .... 1440 -.. Supplies $O f m lies.
30-1 8v SE 1. Johnson Chcch .... 196 Pc 0 0 30 Cased to 40 feet.
34-1 v SW der Erickson Klie n 1960 5 9) Gc P 20 -2-60 1360 ..0

36-1 lit I . ..... ......... 1963
(2) St 12 Cd 0 1.8 1-13-61 1160 1 . 1

23-1 W SE fal ariucci Chlocchi .... 3 42 a D is .... C1n 22 Cased to 22 feet o

23-2 HE 5W John Cotinsky Klrtin 1959 5 60 ?a D 31.19 3-18-64, 1190 40
23-3 V,1 SW Gilbert J. Johnson Owner 1963 It 28 04 D 4 11-11-63 1140 ...
23-4 SE Si oean rste Kleiman 1961 3 49 d O 4442 8-1.6 1220 41 Cased to 45 feet.
23- Sv SE ............... ...e 16 14 Cd 0 8.274 7-30-64 1200 .. Wall abandoned.
27-i St NW ea n CS me h . .I 62 a 30 .... 115 ... Cased to 22 feet

43" 271.

2- 1 SE SE Joseph Turiny Ktemnn 1963 3 47 Pc D 3 1963 1160 42 Cased to 42 feet.

2-1 S SC Prod tler Klenian 1963 4 30 Pc D i1 2- 4-64 1320 13 Cased to 16 feet.
4-1 HE S Donald Jeonson Klelfen 1961 3 42 PC D 35 4-27-61 1420 20 Cased to 25 feet.
9-2 SE SW Don Dario Klasn .... 4 9 Pc 0 49 1963 1410 45
11-1 SW NW NoSE n ainytl Kliman 1963 6 10 Gd 0 2 6-L4-63 1340 ...

18-1 911 SW John R. Williams Kleiman 1961 6 32 Gd D ...... .... 1400 ---
18-2 SE HW frank SortEl Chiotcht .... s 159 Pc D ...... .... 1410 140
18-3 HE 1W Leo Hart Kleiman 1960 4 92 Gd 0 67 3-12-64 1360 .-

24-1 R' HE Paul Richard# Kleimmnn 1959 5 39 PC 0 9.31 10.16.64 WO2 38
36-1 SE HE Herbet ¢ar'tll Kleiman 1958 6 36 C D 23 9-24-58 1260 20

28-1 Se St flet Scho ,a1der Chloecht .... 5 203 ya DS 40 .... 1260 ---
32-1 H( S 1 Clayton u h 13 Cd D 70 7-25-57 1260 ...
23-I he SE John Horcath Chiocchi .... s 05 c P ...... .... 1260 22. Cased to 40 feet.
33-2 HEt SE Harry orunath Chioccht .... 5 62 PC 0 20 0-15-64 1260 -4- Cased to 30 feet

42N 19W.
22-1 hE SE Ailt U bson OMer .... 24 24 Gd D 21 10-14-6 1120 ... Dug ei.

22-2 1 1; rE atson ........ ...." 4 31 - D (15o.6 10:14:61, 11 --
22-3 hi

. 
SE J~e 1.1Jenesin . ...:: 4 28 C d 1 0 10.$ 63 1 130 -

26-1 S t. Se Ctton Coolt Kleinan 1961 6 5 PC D 6 -29-61 1220 45
30-1 h t SE M. A. Hann.% Co. l ,e N 1957 12 11 Cd 0 20.0 11-18-64 1260 ---
31-1 s St E 1 A. anna Co . hloe NW 191 12 128 a D? 4 4- 2-51 1360 IS Used t* domestic supply

32-1 SE SE Roy leonard Kleiman 1958 6 38 a 23P6c 3-1964 1260 to C o 4 lt.
32-2 S. SC o, At oler41t CO. It5le 141 195 0 161 Ic 0 16.01 11-18-64 1320 10
3)- lij SW E. Do lJ odet T, Ricau 1963 4 42 -c D 3.. 4-2.-. 1240 --- Had unpleasant tests 1963.
34-1 $w hC Fabian 1tinbc-ker Klt --A -1958 6 32 PC 9 -1258 12410 i
34-2 SE b E Ronald lloticlle Kleiman 1960 6 01 PC D 1 -14-60 1160 52

2-i SC hE N.? erbeth hrldoti Klelan 1956 6 55 Pc D 38 9-22-56 1160 20

5-2 N'E E EJ4(d IAN&z Chtocct, L .... $ 96 P& 0 42 .... 1200 ... Caed to 32 (tot.
2-3 Stt Oliver JScvtlk Chiloht .... 5 205 PC D 5 .... 1160 ... cased to Us feet.
5 -I N4 St ........ O ws . 1957 6 12 C D 7 06 9-11-64 1160 -
5-1 C 1S" ,oY Htg Chiochl 196 6 P P Is D 30 10-21-1 1io ---

20-1 St. SW AjY Guntafol owncr 19. 2 61 Cd 0 30 9-11-64 1120 -- Pumps fe silty Bond.
29-1 P2 hl, IPlal. lulans chlochl 1904 5 9- rC D 35 9-11-64 120 ---
34-I SE NF E.ln ustinrcr letonn 1958 6 60 c 0 13 4.11-58 11.0 .6
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*Well Records.-.Cont tnaed

Well Location OAn'r .0Ie~r
lhmber In Owner -

section -5 . -. a e r

4214 27W.__

20-1 mIE IN, Jo. Treponler Chiocchl .... 3 60 Pa 0 21.92 9.14-64 1200 --- Cased to 25 feet.
26.1 SW W J. 8. Ericksoe Kleuan 1936 6 68 Cd 0 4 10- 2-56 1100 ...
29-1 NW S Sanford Olson Chiotchi .... 5 72 Pa 0 44 ... 1080 ---
32-1 SE SW %J. Dia Chiocch/ .... 5 76 pa 0 30 .... 1130 .- Cased to 32 feet.
32-2 SW Sl S. J. Peterson Chiocchi .... 5 138 Pc D 40 .... 1120 --- Cased to 40 feet.
33-1 HE WW E. U. apreniere ........ .... 36 12 Cd 0 11.19 3-17-64 1060 --- 1.1(p obe. welI 110.

41N4 
3
0l

3-1 ME SW Duane Pollack Ktleiman 1960 6 78 Cd D 13 8-24.60 1260 78 Gravel 70 to 77 feet.
4-1 WE SW . . errette Kleiman 1958 6 80 ?c D 39 3- 4.58 1300 75 Rock bluff 100' South.
16-1 .i NE Heran Eresser Kleiman 1958 6 40 Gd 0 4 6-19-58 1200 --- Rock bluff 100' West.
17-1 NE HE Ellen SJoquist Kleiman 1958 6 30 Cd 0 24 7-31-58 1260 ...
23-1 NE SW Dick. Co. Rd. Co. VHF Co. 1948 11 20 Cd 0 dry 11-19-64 1220 --- Contains .ater in spring.
25-2 St WE Oscar Martlnson Owner .... 40 12 Gd 0 11.42 12- 2-63 1200 --. ;V Co. obs. well.
25-3 $ HE Oscar artiison Anderson 1949 6 54 -- 0 33 9-49 1200 ---
25-4 NW SE William Carolla ........ ....- 6 60 -- ...... .-- 1240 ...
25-5 SE NW Hot Martin Eleiman 1955 6 120 Pc D 14 7- 7-53 1260 63
27-1 NW SE John Colombo Kleiman 1958 6 104 Gd D .... ... 1200 ... Pulled casing back to 51 ft.
27-2 St SW Darwin Wilson Chiocchi .... 5 49 Gd 0O 30 .... 1190 ---
20-1 SE St Merriman Come. BIdg. Anderson 1957 6 70 -- P 37 1957 1170 --- Screen finish.
30.1 E NWV Maitland Dow Anderson .... 6 63 -- O 15 .... 1180 -
32-1 SE HE Were laFarve Kleinsan 1964 7 150 Pc D 18 5-20-64 1240 50 Cased to 54 feet.
34-1 SE SW Elerde Falus Anderson .... 6 128 -- 0 85 .... 1270 -.. Screen finish.

41N4 28W
1-I SE SE Carl Johnson Chiocchi .... 6 240 Pc D 72 .... 1160 -.. CaAed to 72 feet.
8-1 SE SW John L. Peterson Chloccht 1953 4 42 P. D 16 1953 1150 8
12-1 SE NE Harry Peterson C. Rice 1930 4 197 Pat 0 30 3- 3-61 1040 ...
34-1 NW S Marlin & Griffee Owners 1961 11 13 Gd D 8.72 11-13-A 990 5 Pipe in fracture in bedrock.

4114 27W
2-1 NE NW A. Prancke Anderson .... 6 40 Cdl D 34 .... 1180 ...
6-1 SE Sg Allen Johnson Chiocchi .... 5 10S -- 0 8 .... 1170 ... Cased to 88 feet.
7-1 NE ME Pat HIli$ton, Jr. ChiocchL 1959 5 109 P D 6? 1959 1180 .-. Cased to 67 feet.
7-2 SW NW Pat Milligan Chiocchi 1963 5 72 Pt D 22 1963 1060 .-. Cased to 22 feet. Open

finish.
7-3 NW SE Poster City Cemetery T. Rice 1948 6 r ...... .... 1060 ...
7-4 SW SW Reuben Skogman Chiocchi .... 5 96 P& D 64 .... 1150 .-- On top of bluff. Cased to

10 feet.
9-1 SE NW8 Dale Sigl1r Chiocchi .... 6 90 ?a 0 10 ... 1040 .-. Water cootains 2.0 pps iron.

408 31W
23-1 St St Pine Mt. Corp. Rometti 1961 6 116 Pa 1 50.72 9- 5-61 1165 32
23-2 St SE Pine Mt. Corp. Roeetti 1961 6 ISO Pa I ...... .... 1165 32
23-3 SE SE Fine Mt. Corp. Rntetti 1961 6 125 P I ...... .... 1170 32+ Cased to 34 feet.

4014 30
5-1 S NI John DeCrave Anderson 195 5 88 Cd? D 67 1957 1200 ---
6-I SE SW Joseph Giachino RfM.tti 1963 6 31 Gd D 10 1963 1200 .-. Screen finish.
6-2 SE SE Joseph Langford tleiman 1958 6 82 Od D .;..... .. 1180 ...
8-I SW NW Wes Fontenhio Kleiman 1963 4 36 Gd D 16 7-63 110 .
14-I SE SW Dave Ilridke Anderson 1962 6 110 Pc D 0 78 9-62 1100 110
14-2 SW SE Wa. Iltigh Aneerson 1964 6 110 -- 0 72 1964 1100 --. Cased to 90 feat.
17-I St HE Basaou'1 lptist Church Kleiman 1962 3 19 Gd P 6 6-16.62 1180 ...
18-1 SE SW Jerry Miksa Kleiman 19 6 78 od D 17 6-13-39 1140 ...
18-2 S1 SW H. . Miller Kleiman 1959 6 79 Cd D 39 10-21-S9 1140 ---
18-3 SE SW M. Tousignant Kleiain 19S6 6 64 Gd D 29 .... 1140 .-
18-4 NE SW F. Hermance Kleiman 138 6 71 Gd P 34 10- 3-$8 1160 ...
18-3 WE S9 Otto lelberit Kleiman 1960 6 83 Gd P 2? 5-19-80 1180 .
18-6 NV NW Charles Lindberg ileinan 1955 6 20 Gd D 4 8-21-55 1160
18-7 HE W Ervin Smolinski Kleiman 1960 6 41 Gd D 4 11-28-6D 11.0..
19-1 NE W Reuben 1loari Kleiman 1959 6 81 Gd D 35 9.26-59 1140 ...
19-2 MI NE acco Cvnst. Co. Kletwsn 1958 6 48 Gd D 21 7- 1-58 1160 ...
19-3 SE NE Esau Cohodes Eleiman 19M 6 $2 Gd D 12 9-24-58 1140 ...
20-1 SE HE City of Iron Mountain ............ 2 ... . P Plows 9-17-64 1140 --- Flows 20 ft. above lake
21-1 SE SW Dickinson County Kleiman 1957 6 30 Gd D 4 11-13-51 1160
23-1 NE HE John Prngrazi Kleiman 1963 4k 60 Pc D 14 11-63 1100 --- Castd to 29 fees.
23-2 NE SE Eugene UIons Kleinan 1962 6 107 Pa D 5 4-62 1180 100 Cased to 102 feet.
24-1 NE SW John Fonteccho Kleiman 1963 6 46 Cd D 26 10- 1-63 1140 ...
27-1 E 5W Allan Carlson Klelan 1959 6 7 Gd D 26 4-10-$9 1150 --- Occasionally shows slight

red color.
27-2 SW NW F. Pesavento Kleian 1959 6 65 Gd D 36 4-16-59 1180 ..-
27-3 SW SU Richaid Waldbilli Kleltan 1955 6 64 Gd D 28 10-20-1.5 I1NO ..
28-1 SW MW Jane Thekin Kleiman 1962 6 49 Cd D 5 4-26,62 1160 -.- Water silty if pumped at

31-1 SW N Zack* Fruit Co. Kleiman 1958 6 70 Cd 1 14 .... 1140

6-1 SW NW Mtch. Dept. Cons. Klelan 1964 4 30 Cd 17.97 9- 8-64 1120 27 Insuffislcnt eater to

develop vel, Casi pulled.
6-2 W SW Mich. Dept. Cons. Kleian 1964 4 37 Cd 12.22 9-11-64 1120 37 Sceen pl red with slt,

Casinn pulled,
28-1 HE NV George BrAnbick Kleiman 1962 3 30 Gd D 19 9-11-62 1160 ...
28-2 SW NE Howard Itulll Kletman 1961 3 21 Pc - dry 10-30-61 1140 21
29-1 SW SV Stanish tat Anderson 1961 6 52 Pc t S 2 1961 1100 --- Cased to 18 feet.
)1-I SW SE Joe aclak Anderson 1963 6 200 Pa 0 40 1903 11O0 68 Cased to 68 feet.

1.ON 784
4-1 HE St C. .. Huck Anderson .... 5 52 Cd? D 36 .... 1000
4-2 MI Sy Anton tvckovit: Anderson .... 6 so Pc ? D 33 .... 990 --- Cased to )8 feet.
10-1 hE SW Clyde Randall Chioctht .... 5 96 Pr 0 32 .... OO .-- Cased to )$ feet.
12-I ?U MI W, Aselin Klesean 1960 $ 157 Gd 0 19 10-21-60 V0C 60 Cased to U fewt. Casing

dynuntted at 41 ft. to
provide olditlonal supply
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Well ftecords,--Contimaed

.4

well Location A. -0 0 -0 oMa 1. 0 0 a1-ber I Own er .16.. 0 3 Remarks
section

1-2 SW W Afrd SlksChiccL ... - 32 Pc 73 .. *6 - Csdt e e

N0 2$W
(Cont 14)

26-1 HE SZ X. C h0ioah Klaion 196) 3 70 Gd 0 19 5-1063 900 ---
35-1 SW n.1 sernard Rosate Len10 1961 3 57 Gd 0 46 7- 3-61 1000 --

3"8 31W

12:1 E SE Wuy 'Mich. Pswe Co. Anderson ---- 6 345 - 1 too ... Open finish

12-2 x St WI.. itch. Poser Co. Anderson .... 72 a- - 45 .... 1100 --- Screen finish

1-1 SW N Glenn Anderon Anderson --- 6 100 PC 0 16 -.- 1060 30
1-2 SW SW Alftred (Ielke ChtocchL .... 5 327 PC - 7$ .... 1060 --- Cased to 73 feet.
2-1 NW SW louts Chlocahi Chop ichi 1963 6 22$ PC 0 40 1963 1040 37 Cased to 37 feet.
3-1 SW HE Irter-n Towshlip ..... 1942 20 125 Gd P .....-.- 10.0 --- Gravel pack finish,
3-2 HE N : Itng Tonship Loyne . .1953 8 160 Cd P 60 4-53 1040 --- Screen finish.
4-1 MW HE Guy Gustaffson Anderson 1960 6 35 PC P 28 4-61 1030 --
5-1 Nw Wis. Mich, Power Co. Anderson 1959 6 92 ?a 0 55 --.. 1000 --- Screen finish.

1-1 Center Kimerly-Clrk Corp. Kleasn 1956 6 140 Gd o 13275 10-2t-64 1051 ---
13-2 NW SW Kisberly-CloIt Corp. Kleiman 19537 6 11is Gd 0 111.52 .10-28-64 1041 ..
13-3 SW NW Kfs~erly-Clsrk Corp. Kleiman 1956 6 50 Gd 0 dry 3- 7-56 1052 50
13-4 NE NW Valioce Jon"s Chiotchl -.. 5 114 Cd 0 92 -... 1040 ..
14-1 Center Xis')orly-Clark Corp. Kleiman 1956 6 95 Gd 0 78.41 10-28-64 102$ 95 Grovel packed ccre finish.
14-2 Center Kisberly-Clnrk Corp. Kle lman 1957 6 30 Gd 0 12.65 10-28-64 960 -- water level fluctuates with

river.

39" 29W
2-1 SW HE We. LaVoie Anderson 1946 5 72 Gd D 36 9-64 960 ---
5-1 SE Aae-lco Tinti Anderson 1949 6 174 -- D 75 1949 1040 --- Cased to 68 ft. Open finish.
5-1 NE SE Jaas Stewart Kleiman 1958 6 112 Gd 1 56 6- 3-5 940 --- Water contains excessive

ferric iron.
12-1 SW SW Stan baciak Chlioccht ---- 6 168 ?a D 60 1963 1040 .-- Open finish.
14-1 NW SW France. Ctrardi Chioccht .... 5 47 Gd D 20 9-15-64 860 ...
14-2 SW S75 R. Ilaferkorn Owner .... 36 21 Gd S 12 194 50 ...
15-1 SE SE Joseph Haferkorn Chiocchi .... S 158 Gd D 45 9-64 840 --- Slight taste.
17-1 SE ME Lewis Rector Kletman 1958 6 140 PC .......... 940 50
20-1 NW HE Joe Palluch Chiocchi 1961 6 40 Gd D 15 .... .... ...
22-1 SW SE Mike lanticor Kleiman 1963 4 88 Gd D 28 10-30-63 860 ...
25-1 HE 1E Francis Swig Kleilan 1962 3 70 Cd 0 3 6-16-62 560 ...
26-1 HE St Aden taIl Chtotcht 1959 5 349 PC D 60 .... .... SO
27-1 HE SE City of Norway Klet.n 1958 6 40 Gd D 10 11-26-58 ....... Supplies 3 houses.
36-1 SE NE Henty Yards Kleiman 1963 7 101 Pc D 42 10-63 .... 100

39N 28V
M-I SW SW H4urriel Girard Chiocchi .... 5 268 Pc 0 60 .... 180 62 Cased to 62 feet.
7-2 SW SW JoeOne - -Kleiman .... 3 69 Gd D 15 .... 880 ...
8-1 SE HE Wis Kich. tower Co. Anderson 1962 6 87 PC P 21.06 9-15-64 900 37
t-1 V4- Y4 Pau. Hupp Anderson 1959 6 39 Gd D 25 1939 970 ... Screen finish.
14-2 SW Sp Robrt Aunt Glass 1962 6 167 Pc I D 90 6- 3-61 1060 87
16-1 NW N Steve bubloni Anderson 1963 6 150 Pc D 72.57 9-15-64 1040 72 Cased to 100 feet.
16-2 374 SE Frask lAbAmer Anderson .... 6 42 Gd 0 to .... 1060 ...
18-1 NW V4 94aslnski Tavern Anderson 1961 6 72 Gd? P 51 9-61 900 -- Cased to botto.
19-1 SW SW Leonard losito Kleisan 1962 3 27 PC D 3 6-16-62 850 16
19-2 SW SW Sue McComlck Kleiman 1961 3 45 Pc 0 ...... .... 830 42
19-3 N W . alier Sreclav Chlocchi .... 5 275 Pc D 76.42 5-14-64 860 ... Cased to 74 feet.
20-1 SW SE Ceorge 0.-Ridder Kleimn 1962 3 40 Gd D 24 6.20-62 860 ...
20-2 SE SE Ed. Pouchey Klelman 1963 3 120 Cd D 6 6-30-63 860 ...
21-1 NW SW Clifford Irenn Chiocrhl .... 5 196 Ic D 65 .... .... ... Cased to 96 feet.
24-1 SW St C. Linder La geau 1963 5 100 ?a 0 77.28 9-15-64 1020 --- Open finish.
25-1 N h Rliclard 31.08 Anderson 1948 6 88 -- 0 61 1948 1000 ... Cased to 73 feet.
30-1 1, SE frauk troy Klelsn 1962 3 is Cd D 7 6-10-62 860 ...
30-2 w 1NZ. Ernest Casanova Klemmm,' 1961 3 18 Gd D flow 6- 9-61 860 . o flowed 0.3 ft. ahove land

surface 6.9.61

30-3 SW H PIrsy Johnson Klelmn 1962 3 34 PC D 17 6- 7-62 860 23 Cased to 24 feet.
30-4 SW NE Lee Johnson Kleiman 1962 27 Gd D flow 6- 2-62 840 ... Flowed $ gpa 3 ft. above

land surface 6.2-62
30-3 Sr NW Harry Teafoe Chioccht .... 5 36$ Pc D 28 .... .... ... Cased to 35 feet.
30.6 SW R-: Die Inon Co. Park Chioccht .... 5 91 Cd P 47 ....

30-7 575 N Cartoll Asp Chiocchi .... 5 38 P D 2 .... Cased to 36 feet.
30.8 SE tV Carl Daalison Chiccchf 19$3 5 7 PC D 14 .... .... ... Csed to 20 feet.
32-I SW Sul Jolu% Van Wites O.r 1950 6 132 Gd S 20 1950 .... 132 t aild casing back 0.3 ft.

into travel
35-1 d NW Ed fay 6... on La leau 1947 6 120 Pa D 53 1947 .... 96 Cased to 96 feet.
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Records of Wells

Aquifer: Pcr - Precambrian rocks; Ps - Paleosoic rocks; Gd - Glacial drift

Use: D - Domestic; S - Stock; P - Public Supply; I - Industrial;
0 - Observation; T - Test Sole

UM - Wisconsin-Michigan Power Company

Water level is in feet below load surface.

Well number Lction Ower Driller 6 Use level Remark

413 31W 10-1 SW NE Iroa Co. 3d..Com. .WF .... It 17 G1 0 14.53 11-1-65 ..-------- obs. vell
,14-1 SE Mw Dick Abraham Kleiman 1961 3 106 P~r 0 78 1961 1300 104 Water very

cloudy
14-7 SW NE C.J. Carlson RImmetti 1959 6 103 Gd D 68 1959 1300 103 Will supply coos.

nursery by 1966

413 32V 11-1 SE SE George Gruell Kleiman 1963 6 42 Gd D 22 1963 1240 ---

42N 31W 6-1 SW S Leonard Olsen Tuominen 1964 5 40 Gd D 25 1964 1320 ---
6-2 NW NW Hich. Dept. Cons. Owner 1965 2 32 Gd P 26 1965 1360 --- Glidden L. Camp-

8round

33-1 WA SE Iron Co Rd. Cam. VP? 1954 it 10 Cd 0 2.39 11-1-65 ....... WHP obs. well
33-2 N SE J. Gischino ... ---- 15 12 Gd 0 9.55 11-1-65 ..... ... .VNP abs. well

423 32W 15-1 NV SE E. Brauer Tuominen 1965 5 86 Gd D 22 1965 1310 ---
26-1 SE RV Iron Co. Airport Kleiman 1960 6 110 Gd P 40 1960 1340 ---
29-1 N ?rj Mrs. Gursky Tuominen 1961 5 90 Pcr D 21.19 7-30-65 1400 52 Open casing.

never used

42N 33W 1-1 N NE astadon Twp. Owner 1958 8X
12' 20 pcr P 7.76 7-16-65 1485 9 Equipped with

chlorinator

1-2 SW NE Hastadon Twp. Wilcox 1954 6 100 icr P 30 1954 .... 5 Abandoned, re-
placed by 1-1

12-1 SE SE Village of Alpha LAyne N.V. 1930 16 43 Gd p ..... .... 1400 --- Gravel pack
13-1 HE NE Village of Alpha LAyne N.W. 1930 16 41 Gd P ..... .... 1390 --- Gravel pack,

stand by unit

13-2 NE NE E. Kascielski Tuominen 1960 5 90 Gd P 3.09 8-11-65 1400 ---
15-1 SE NWi V.. Jutila Tuominen 1964 5 200 Pcr D 43 1964 1435 156
15-2 NE SE J. Romanouski Tuominen ---- 5 43 Gd 0 29 .... 1380 ---
28-1 SE SW J. A. Gondek Kleiman 1959 6 68 Gd 0 28 1959 1330 --- Dynamited boul-

ders at 18'

42N 34W 9-1 SW NW Village of Gaastra lAyne N.W. 1945 --- 150 Gd P 86.88 7-21-65 .1620 -.. Gravel pack
13-1 SE NW Stanbaugh Tvp. Layne N,W. 1956 12 61 Gd P 35.98 5-13-65 1450 .-- Gravel pack
25-1 SE SE Stambaugh Tup. Tuominen 1964 6 88 Gd P 41 1964 1400 ---
25-2 SE SE R. Hathison Tuominon 1961 5 99 Gd D 30 1961 1395

42N 35W 1-1 SW N City of Caspian --- 1927 10 60 Gd p ---- 1480 --- Dug well 30'x
30' to 52'
deep; two 10"
casings to 60'.
Used as stand-
by unit.

1-2 SW W City of Caspian layne N.W. 1957 18 65 Cd F 21.71 5-12-65 1480 -.- Gravel pack
11-1 N SE Stambaugh Twp. Layne N.W. ---- 12 58 Gd P 17.01 5-13-65 1615 ---
20-1 NE NE Brule Mtn. Ski Area Klelman 1964 6 32 Gd 1 12 1964 1540 32? Used for snov

machine. Has
been pumped
@ 100 gpm.

20-2 NE NE Brule Mtn. Ski Area Wilcox &
Audio .... 6 25 Gd P -------- .- 1540 25? During ski sea-

son pump runs
constantly.
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Records of Wells.--Continued

location W ater
Well nsuber in Owner Driller - Use level Date Remarks

section -

431 31W 4-1 St SW Jack Sophie Kliman 1963 6 51 Pcr P 14 1963 1390 15 Cased to 29'
16-1 SW NE lay Peterson Kleiman 1963- 6 95 Pcr 0 23 1963 1420 --- Cased to 20'
24-1 NW NE P. Mitchell Kleimn 1963 4 59 Pcr 0 9 1963 -.-- 39

26-1 SE N9 Francis Drake Kleian 1963 4 30 Gd D 18 1963 1400 --- Screen plugs
with silt

33-1 I SE Mansfield Twp. Kleiman 1963 3 31 Gd P 5 1963 1320 --- Dawson L. Park
35-1 NE W Mansfield Twp. Kleiman 1961 5 50 Cd P 15 1961 1380 --- Twp. hall
36-1 SI NW Robt. Magray Tuominen 1961 S 70 Per D 12 1961 1420 38
36-2 NW WN Alex Mac Lsod Tuauinen 1964 5 75 Pcr D 21 1964 1403 71 1.5 ppm Fe

4311 32W 1-1 W SV Stock ... .... 4 --- Gd? D ..... .... 1375 --- Wonting camp
4-1 NW St Minarcik & Janov ... .... Ii 51 Gd D 41.26 8-17-65 1490 ---
4-2 WE SW Paros ... .... 6 37? Gd? D 23.69 8-17-65 1490 - ore than 4 ppm

iron
6-1 NW SW James Whittock Tuaminen --- 6 Cd D 13 ---- 1380 ---
21-1 SE NW City of Crystal

Falls Odgers 1929 10 90 Gd P 22.87 5-10-65 .1355 --- City well 01
21-2 SE NW City of Crystal

Falls Odgers 1929 10 90 Gd P ..... .... 1355 --- City well #2
21-3 SE NW City of Crystal

Falls Odgers 1929 10 3 Gd P ..... .... 1355 --- City well 03
21-4 S

E  
NW City of Crystal

Falls Layne N.y. 1961 2 50 Gd 0 1.14 5-10-65 1355 --- Test hole
21-5 St NW City of Crystal

Falls Layne N.V. 1961 2 69 Gd 0 8.07 5-10-65 1355 --- Test hole

21-7 SE IN City of Crystal
Falls Layno N.W. 1963 10 91 Gd T 1 1963 .... 92 Insufficient

water, pipe
pulled

28-1 Ng WE City of Crystal
Falls Layne N.W. 1961 102 Gd T --.... ....- .... ... TN -pipe pulled

28-2 NE WE City of Crystal
Falls Lsyne N.W. 1961 90 Gd T -.... ....-.... -... TH -pipe pulled

28-3 WE NE City of Crystal
Falls lAyno N.W.' 1956 8 90 Gd T ..... .... .... ... Insufficient

H20; pipe pulled
29-1 SE H4 City of Crystal

Falls ---- .... -.. c... Per P +4.0 9-24-65 1360 --- Old diamond drill
hole, has flowed
many years

43N 331W 14-1 SW S3 Crystal Falls Twp. Layne N.W. 1950 10 55 Gd P 21.22 5-10-65 1400 --- Lid well,
Sravo! psck

21-1 SK SW Wm. Honkala Kleiman 1961 6 145 Gd D 125 1961 1540 ---
27-2 SW NW I. Reimen Pickonds-

Mather 1950 3 53 Pcr P 20 1950 1400 20 Drilled as iron
ore Test hole

27-3 SW NW I. Relson Pickands-
Mather 1950 3 500. 9cr D 20 1950 1400 20 Do.

31-1 SE SW F. C. Pardee Layne N.W. 1957 8 143 Gd 0 114 1957 1500 --- More thnn 4 pp.
iron

43N 34W 19-1 NW SW Johnson ... .... 3 --- Gd? 0 67.44 11-18-65 1590 197 Ore expl. hole
19-2 NE SW Johnson ... .... 3 --- Gd! 0 73.92 11-18-65 1620 --- Ore expl. hole
24-1 NW S: Edw. Schlasser Tuominen 1964 5 36 Cd D 2 1964 1420 --;
24-2 NW Sl: J. Straser Tuominen 1964 5 32 Pcr D 2 1964 1420 27
24-3 NW SE Wi. J. Phillips Klelman 1964 6 38 Gd D 4 1965 1420 ---
28-1 1NE WE lates Twp. Layne N.W. ---- 6 140 Gd P ..... .... 1630 --- Twp. 0l, stand-

by unit
28-2 WE NE Dates Twp. Layne N.W. ---- 6 140 Gd P ..... .... 1630 --- Twp. 02
29-1 SW NE Rogers Nine ... .... 48 --- Gd 0 16.75 11-18-65 1567 --- Mine drainae

well

43H 35W 11-1 SE HE J. J. Javerski ... .... 36 47 Gd D 41.83 11-1-65 1565 --- 1.1?P os, well
13-1 SW SE F. Candzwill . -... 3 576 Pcr 0 54.Q9 11-18-65 1635 64 Ore expl. hole
16-1 SC WE Iron River Twp. lAyne N.W. 1956 10 64 Gd P 19 1956 1530 83 Rodine well

21-1 SW SE Iron River Twp. Layne N.W. ---- 10 60 Cd P 22.20 5-13-6; 1540 --. US, . well
22-1 NW WE Iron River Twp. Layne N.W. 1956 10 150 Cd T ..... .... 1600 --- Test hole. dry
23-1 WE NE M. A. Hanna Co. Layne N.W. 1963 48 80 Gd 1 36 1963 .... 103 Mine drainage

ell
24-1 HE SE Johnson E. J. Long

-year Co. 1945 3 113 Gd 0 69.71 11-18-65 1600 113 Ore expl. hole
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Records of We1s.--Continued

Location 0 0 0 Water
We- number i1 O0er Driller Use level Dtte Rthorks

section 0

43N 35W 25-1 BE VW City of Stmbaueh --- 1938 18 70 Gd P Is 1%6 1480 --- City 02; stand-
by unit

25-2 SE N City of Stambaugh tayn e N.W. 1962 a 60 Cd P 11.20 5-12-65 1480 --- City #2
26-1 SWN Z City of Iron River Layne N.W. ---- 2 130 Gd 0 25.64 11-18-65 1460 --- Test hot*
26-2 SW N9 City of Iron liver --- 1947? 20 170 Gd F -----. .... 1460 --- City 42; stand-

by unit *

26-3 SW V1 City of Iron River Layne N.W. 1952 16 130 Gd P 34 1952 1480 --- City 41
28-1 SE SW Lewis Gregg --- .... 36 20 Gd D 15.90 9-12-45 1540 --- Destroyed
33-1 SE NW Mich. Hwy. Dept. WM? .... it 12 Gd 0 3.25 11-1-65 1525 --- WNP obs. well

44N 31W 26-1 WE SE I. J. Bailey Kleiman 1964 4 39 Gd D 21 1964 1395
26-2 HE SE T. J. Bailey Kleiman 1961 3 43 Gd D 15 1961 1395 --- On lot next to

26-1
26-3 NW St W. Hosking KIeiman 1961 3 57 Gd D 29 1961 1400 ...
26-4 NE SW A. Peterson Kleiman 1961 3 54 Gd 0 29 1961 1400 ---
26;5 SE SE V. ball Kleiman 1961 3 41 Gd D 3 1961 1390 ...
34-1 SE NW F. Phelan Kleiman 1957 6 100 Pcr P 30 1957 1400 50 Supplies 8

cottages

44N 32W 16-1 SW HE E. icigo Owner ---- lt 20 Gd P 10; 1965 1385 ---
17-1 NW SE M. Smith Tuominen ---- 6 170. --- P ..... .... 1390 --- Supplies 4

cottages

44N 33W 6-1 NW SW M. Vireen --- .... 6 125 --- 0 ..... .... 1555 ---
7-1 SE NW Robert Jacabson Tuominen 1965 5 33 Gd D 20 1965 1500 ---
7-2 NE SE V. Hanttula Tuominen 1963 5 146 Pcr 0 ..... ....- 1490 --- lodge hr. surface
7-3 NE IN Henry Rajala Tuomine ---- 4 132 tcr D ..... .... 1515 103
8-1 HE WE Hematite Twp. --- 1947 21 44 Gd P 5 1963 1445 --- Yield dropped,

well abandoned
8-2 NE NE Hematite Twp. Layne N.W. 1937 8 30 Gd ? 4.95 5-5-65 1445 --- Twp. well 62,

stand-by unit
8-3 NE HE Hematite Twp. Layne N.W. 1963 12 30 Gd P ----- 1445 --- Gravel pack
10-1 SW SW Iron Co. Rd. Comm. WNP .... 1 9 Gd 0 6.65 11-1-65 1540 --- WMP obs. well
16-1 NW N Crystal Falls Twp. Layne N.W. 1950 8 56 Gd P 8 1965 1450 --- Twp. well 41,

gravel pack
16-2 NW NW Crystal Falls Twp. Layne N.W. 1965 16 58 Gd P 7 1965 1450 --- Twp. well 3.

17-1 SW SW Stuart Dickinson Tuominen 1962 5 29 G4 D 10 192 1395 pack

35-1 NW SE /.' Anderson Tuominen 1961 5 31 Gd D ..... .... 1410
35-2 NW SE Rev. C. Peterson Tuominen 1965 5 17 Gd D 4 1965 1410

45N 31W 7-1 SE SE Harry patrick ... .... k --- Gd P ..... .... 1490 ...
24-1 SE SI K. attila Owner .... 1k 20 Gd D ...-. .... 1460 ---
25-1 NZ NW Chas. llaim Owner .... 1 25 Gd D ..... .... 1450 --- Occasionally has

musty smell
26-1 NW NE S. Albrecht Anderson 1961 5 99 1cr P 17 1961 1445 ---

458 32W 5-1 SE SE A. Rogers Owner 1957 1% 24 Gd 0 ..... .... 1560 ---
29-1 SW SW A.&L. Aaschliman Forrar

owner .... l 30 Gd D ..... .... 1540 --- Dry awhile in '63

454 33W 8-1 SW SW Iasilio frandi WMQ 1959 lt 33 Gd 0 27.11 11-1-65 ---- ... -- P obs. vell
8-2 SW SW gasillo Prandi Tuominen .... 6 91 Gd D ..... .... 1570 ---
10-2 SE NW Ervin Evans ... .... Ik 32 Cd D 9.04 5.5-65 1540 ...

18-1 NW NW F. Columbino ... .... 6 41 Gd D 18.71 8-19-65 1545 ...

46N 31W 30-1 NE SW USGS USGS 1965 1k 8 Gd 0 0 11-11-65 1560 - - Casing removed

464 33W 6-1 NE SW Joseph Lang --- 1945 --- 125 cr D ..... .... 1520 40

18-1 SW NW Mich. Hwy. Dept. WY .... Ik 13 Gd 0 8.25 11-1-65 1550 --- VW obs. well

46N 34W 13-1 SW NW .J. Poulos --- .... 6 --- Gd D 31.78 5-5-65 1520 ...

14-1 HE NW Oliver Iron Mining Co. Nil .... Ik 12 Cd 0 7.30 11-1-65 1520 --- 1411 ubs, well
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WELL YIELDS

Aquifer Duration SpecificWell Number Br - bedrock Yield Drawdown of Test Capacity
Gd - glacial drift (gpm) (feet) (hours) (gal/min/ft

drawdown)
48N 31W 17-1 Br 4 67 1 0.06

35-2 Gd 6 61 10 0.16
48N 34W 21-1 Gd 10 20 24 0.50
49N 34W 14-1 Gd 115 32 5 3.60
51N 31W 8-1 Br 10 15 10 0.66
51N 32W 8-1 Gd 30 15 2 2.008-2 Gd 20 52 2 0.409-1 Gd 30 2 2 15.0030-1 Br 3 85 2 0.03
51N 33W 28-1 Br 5 30 2 0.1628-2 Br 5 30 2 0.1032-1 Gd 5 45 2 0.1136-1 Gd 20 5 4 4.00
52N 31W 32-1 Br 9 11 4 0.81
52N 33W 2-2 Br 50 100 48 0.5014-1 Br 5 82 2 0.0614-2 Br 5 86 2 0.0614-3 Br 1.5 180 1 0.0127-1 Br 10 4 2 2.5027-2 Br 9 26 4 0.3434-2 Br 10 20 2 0.50
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PUMP TEST RESULTS

Well Number Aquifer Yield Drawdown Duration Specific
Pc - Precambrian (gal/min) (feet) of test Capacity

Pa Paleozoic (Hours) (gal/min/ft/
Gd: Glacial drift drawdown)

39N 28I 7-1 Pc 5 ......
14-1 Gd 5 -- .

14-2 ? 8 60 1 0.1
19-1 Pc 17 4 2 4.3
19-2 Pc 9 40 1 0.2
19-3 Pc 12 .-- --

20-1 Gd 30 ...--

20-2 Gd 20 15 1.3
24-1 Pa 240 .-- --

30-1 Gd 5 6 0.8
30-2 Gd 40 10 2 4.0

30-3 Gd 5 -- -- 2.5

30-4 Gd 10 4 l --

39N 29W 8-1 Gd 20 1A 2 13.3
22-1 Gd 15 4 8 3.8
25-1 Gd 30 10 2 3.0
36-1 Pc 20 10 2 2.0

39N 30W 3-2 Gd 125 12 8 10.4
4-1 Pc 20 10 -- 2.0

40N 2EW 12-1 Gd 4 90 0.04

26-1 Gd 3 40 1 0.8

35-1 Gd 3 5 2 0.6

40N 29W 28-1 Gd 3 8 1 0.4

40N 30W 8-1 Gd 15 4 4 3.8

17-1 Gd 3 8 1 0.4
18-2 Gd 30 5 8 6.0

18-4 Gd 12hi 10 1 1.3

18-5 Gd 25 12 2 2.0

18-7 Gd 5 18 -- 0.3
19-3 Gd 350? -- 6 --
21-1 Gd 15 4 3 3.8

23-1 Pc 6 56 2 0.1

28-1 Gd 30 20 6 1.5

4ON 31W 24-1 Pa 15 3 1 5.0
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WULJ YIIJD$

WellI Number Aquifer Yield Drawdown Duration Spec~ft; Su race-
liPr r -Te*cobttan (l/Win) test o test capacit forms"..

cocks (boars) (alllt
Cd - Glacial drift drawd.own

41N 31W 14-1 per 17 7 2.4 Moraine

4iN 32V 11-1 Gd 3.0 .ut-*ah

42N 31V 6-1 Gd 51.2 Outsh

42N 32w 15-1 Cd 480 43 ---- 11.0 Outasi
26-1 Cd 20 6 2 3.3 Outash
29-1 cr 3 1.... .... Till plain

42n 33v 1-1 Per 5 -..... .... Till plain

1-2 Pcr 7 55 a 01 Till plain
13-1 Cd 60 ..... .-. Outsash
13-2 Gd 8 .... .... Outvash
15-2 G4 5 ..... Till plain
23-1 G4 20 ...... Outwash

42n 34% 9-1 Cd 300 19 4 15.7 Till plain

13-1 Cd 24 21 3.8 Till plain
25-1 Cd 20 4 6 5.0 Outvsh
25-2 G4 a 30 .... 0.3 Outwash

42N 35W 1-1 C4 240 -- 8 .... ,Till plain (?)

1-2 Cd 480 16 9.5 30.0 Till plain (1)

11-1 Gd 125 -- .-. .... Swamp depobit

20-1 Cd 15 5 2 3.0 Bedrock at or
near surface

20-2 Cd 10 .... .... Bedrock at or
near surface

433 31W 4-1 Per 40 20 1 2.0 Outyash

16-1 ?cr 10 50 2 0.2 Till plain
24-1 ?cr 3 28 3 0.1 Outwash

26-1 Cd 10 4 2 2.5 Outuash

33-1 Cd 10 6 2 1.7 Outwash
35-1 Cd 30 6 1.5 5.0 Outwash

36-1 Pcr 6 14 .... 0.4 outwash
36-2 1cr lb 2 .... a.U Outwash

43N 32V 6-i Cd 8 17 ---. 0.5 Morains
21-I Cd 250 ...... ... Swamp deposit
21-2 Cd 400 ..... .... Swamp deposit

21-3 Cd 400 ..... .... Swamp deposit

21-6 Gd 30 ..... .... Swamp deposit

28-2 Cd 150 ..... .... Qtwash

433 33W 21-1 Gd 30 5 3 6.0 Till plain

31-1 Gd 50 -- 2 .... Moraine

43m 34W 24-1 Cd I .... 0.9 Moraine

24-2 1cr 8 16 .... 0.5 Moraine
24-3 Cd 30 10 2 3.0 Swamp deposit
28-1 Cd 200 ..... .... Till plain

43N 35W 16-1 Cd 85 3 1 28.0 Outwash

21-1 Cd 250 ..... .... Till plain

23-1 Gd 1.770 .......- Till plain

26-2 Gd 400 ...... ...

443 31W 26-1 Cd 10 ...-.. .... 14oratn

26-2 Cd 5 20 4 0.3 Moaine
26-3 Gd 35 5 4 7.0 moraine

26-4 Gd 25 15 3 1.7 Moraine

26-5 Gd 30 10 2 3.0 Moraine

44N 33W 7-1 Cd 6 1 .... 0.8 Till plain

8-3 Gd 200- 6 ... Outwash
16-1 Cd t00 6 6 17.0 Till plain

16-2 Cd 400o- II .... Till plain

17-1 Cd 4 " .... 2.0 Till plain
35-I Cd 3 10 .... 0.3 Moraine I
35-2 Cd 7 6 .... 1.0 Moraine

453 31W 26-1 Per 14 70 5 0.2 Outwash
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DELTA COUNTY

WATER QUALITY
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Cbeuicl analyse of ground-Vater sapies in Delta County

Aquifer:

Depth: Samplint point in VV tn feet beloa land surface. Maere deptb If not

tndtcated. smle yes colleeted from pump disebarge or floy at val bead.

,m/lyet: N, K4tcbij4t Dep.Wait of geoltb; U, U. S. otological Survey.

potg5stoe: + indtcatts Votesslum (K) included to value listed under sodlua (4a),ll , l ,.. .i,
Chemical constituents (prts per million) .

4,- 0 .,..

to 
5,

430 23V2 5

6.1 Oth M1410-24.% 5 6 1? 7 4l 2 . 20- 00

21-3 I~d x1 3- 3-53'.0
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DICKINSON COUNTY

WATER QUALITY
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FIELD ANALYSES OF WELL WATER

0 U 04

-&j

U U 040

PcoPrecambrian $
PasPaleozoic r 4 a ,

GdxGlacial ' . 1.

drift

44N 30W 23-1 Pc 10/21/64 140 0.7 260 8.0 --

33-1 Gd 10/19/64 240 0.2 375 7.5

44N 28W 27-1 Gd 9/9/64 190 --- 240 --

43N :30W 11-1 Pc 8/5/64 170 < 0.1 290 7.5 --

43N 29W 11-1 (Spring) Gd 8/10/64 190 --- 320 6.9 --

43N :!8W 23-3 Gd 8/5/64 240 0.5 380 7.5 --

43N !7W 28-1 Pc 10/23/64 270 0.2 440 7.5 48

42N :0W 2-1 Pc 10/18/64 150 0.3 260 7.0 49
4-1 Pc 10/16/64 340 < 0.1 590 7.0 48
18-2 Pc 10/15/64 210 0.2 325 8.0 --
24-1 Pc 10/16/64 130 4.0 215 7.5 46

33-1 Pc 10/15/64 320 < 0.1 700 7.0 51
33-2 Pc 10/15/64 230 < 0.1 410 7.5 47

42N '9W 19-1 (Spring) Gd 10/21/64 270 <0.1 450 8.0 --

22-1 Gd 10/14/64 380 < 0.1 700 6.5 54
22-2 (Flows) Gd(?) 10/14/64 260 < 0.1 510 7.5 42

31-1 Pa 11/18/64 220 <.0.1 420 7.0 --

33-1 -- 10/7/64 290 < 0.1 410 7.0 53

42N 8W 5-5 Pa 10/23/64 220 0.7 320 7.5 45
32-1 (Spring) Gd 9/17/64 640 --- 1580 6.8 47

42N 27W 20-1 Pa 9/14/64 290 1.5 395 7.0 45
32-2 Pc 9/14/64 140 < 0.1 300 7.5 --

41N 20W 16-1 Gd 11/18/64 150 0.2 300 8.0 --

25-3 -- 11/19/64 240 < 0.1 400 7.5 --

32-1 Pc 11/19/64 270 0.1 500 7.5 --
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Field Analyses of Well Water.--Continued

U0

Well Nvmber A ie Date o a

Pc.Precambrian u p.
Pa=Paleozoic a4
GdGlacial 11 / 6/

drift A m H

41N 28W 8-1 Pa 11/6/64 220 40. 360 7.5 48
8-2 Cd 11/6/64 260 < 0.1 400 7.5 47
28-1 (Spring) Od 11/13/64 220 0.3 325 7.5 47
34-1 Gd 11/13/64 140 0.5 230 7.5 47

41N 27W 9-1 Pa 10/5/64 260 2.0 675 7.5

40N 30W 5-1 Gd(?) 12/10/64 150 --- 275 8.0 51
6-1 Gd 1964 260 < 0.1 --- 7.5 56
14-1 Pc(?) 1964 290 0,1 580 7.5 49
14-2 -- 12/14/64 240 1.5 420 7.5 48
20-1 (Flows) -- 1964 220 0.1 385 7.0 49
23-1 Pc 1964 300 0.2 500 7.5 --

40N 29W 6-2 Gd 9/11/64 240 0.2 --- 8.0

40N 28W 10-1 Pc 12/9/64 270 .40.1 640 8.0 47

39N 29W 2-1 Gd 1964 --- ... 480 --- 50

14-2 Gd 12/15/64 170 0.1 340 7.5
15-1 Gd 12/15/64 260 1.5 420 7.5 --

20-1 Gd 1964 --- --- 335 --- 49

22-1 Gd 1964 250 0.2 460 --- 53
26-1 Pc 1964 --- --- 435 --- 51
36-1 Pc 1964 --- ... 525 --- 53
36-2 -- 1964 --- --- 425 --- 51

39N 28W 16-1 Pc 1964 .. --- 380 --- 50
24-1 Pa 9/16/64 --- ... 540 --- 51
30-8 Pc 12/15/64 310 0.1 480 7.5 --

35-1 Pa 1964 --- --- 660 --- 53

( Less than)
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IRON COUNTY

WATER QUALITY
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FieLd Analysts of Ground Water from Iron County

Aquifer: Pcr- Precambrian rocks; Pa - Paleozoic rocks; "

Gd - Glacial drift.

In parts 0S o

per million 
41

Ddt* 0Q

Vell Number Sampled 
,

4 V 0 U UJJ

41N 311 14-1 Pcr 7-29-65 170 >4.0 385 7.5 46

41N 321 11-1 Gd 8-26-65 ISO 0 240 7.2 48

42N 31W 6-1 Gd 7-29-65 170 0.3 285 7.5 44
6-2 Gd 8-12-65 90 0.15 290 "6.5 48

42N 3211 26-1 Gd 7-30-65 90 0.2 180 7.7 "

424 33 15-1 Pcr 8-11-65 170 0 290 7.5

42N 3
4214 351 20-2 Gd 9-27-65 so 0 80 6.0 4S

43N 31 4-1 Per 8-10-65 140 1.2 220 7.5 45

16-1 Pcr 8-11-65 310 0 480 7.0 --

33-1 Gd 7-16-65 170 0.6 295 7.0 46

36-2 Pcr 8-11-65 290 1.5 440 7.7 -"

43N 32SI 1-1 Gd 8-17-65 190 0.7 310 7.2 44

4-2 Gd 8-17-65 190 >4.0 310 7.5 45

43N 3311 21-1 Gd 5-11-65 170 0 280 7.5 -

27-2 Per 9- 9-65 290 0 520 7.0 -

27-3 Pcr 9- 9-65 2/40 0.7 400 7.2 --

43N 34V 24-1 Gd 8-11-65 15) 0.4 245 7.5

431H 37V 33-3 Gd 9-22-65 30 1.5 <'50 6.0 -

441N 31W 26-1 Gd 8-12-65 170 0.2 220 7.5 47

34-1 Pcr 8-10-65 220 c 0. 1 380 7.2 --

44N 32V 16-1 Gd 8-17-65 150 2.0 275 7.1 52

17-1 ". 8-18-65 140 0 280 7.8 /

44N4 33W 6-1 --" 8-19-65 150 <0.1 235 7.7 -"

7-1 d 8-18-65 150 1.0 170 7.8 46

7-2 Pcr 8-18-65 120 0 225 7.7 -"

17-1 Gd 8-18-65 170 0 310 7.7

35-1 Gd 8-12-65 150 0 270 7.7

45N4 3111 7-1 Cd 8-25-65 100 0 205 7.1 52

24-1 Cd 8-25-65 200 0 360 7.5 ""

25-1 Cd 8-25-65 120 0.5 225 7.0 ""

26-1 Pcr 8-25-65 120 <0.1 220 8.0 ""

W1 32! 5- Gd 8-13-65 70 :1-4.0 125 6.5 46

29-1 Gd 8-13-65 90 40. 1 165 7.0 45

45H 31V 8-2 Gd 8-19-65 100 2.0 175 7.9 46

3U5,'1 y -I Cd 11-11-65 20 1.0 50 6.0 45

46h 33, 6-1 1cr 8.1q-65 140' 0 290 7.5 ""
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Well No.: 42N 34W 9-1

Laboratory analysis by Michigan Department of Health
(collected July 1959)

Silica (SiO2 ) 12 ppm
Iron (Fe) 0
Calcium (Ca) 46
Magnesium (Mg) 23
Sodium and Potassium (Na+K) 3.1
Chloride (Cl) I
Sulphate (SO 4 ) 24

Bicarbonate (HC03) 228
Total hardness (CaCO3 ) 210
Fluoride (F) 0
Total solids 225

Field analysis by U. S. Geological Survey
(July 1965)

Specic conductance
(Micromhos at 25°C) 400

pH 7.5
Iron 0

Well No.: 42N 35W 1-2

Laboratory analysis by Michigan Department of Health
(collected July 1959)

Silica (SiO2 ) 14 ppm
Iron (Fe) 0
Calcium (Ca) 39
Magnesium (Mg) 15
Sodium and Potassium (Na+K) 3.6
Chloride (Cl) 2
Sulphate (SO4 ) 27
Bicarbonate (C0 3 ) 171
Total hardness (CaC03) 160
Fluoride (F) 0
Total solids 182

Field analysis by U. S. Geological Survey
(May 1965)

Specific conductance
(Nicronhos at 25'C) 310

PH! 7.5

Iron 0
Temperature ("F) 44
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Well. No.: 41N 19W 26-3 city well No. I

Laboratory analysis by Michigan Department of Health

(city well No. 1, July 1959)

Silica (SiO2) 16 ppm

Iron (Fe) 0.2

Calcium- (Ca) 106

Magnesium (Mg) 45
Sodium and Potassium (Na+K) 6.5
Chloride (C) 8.0
Sulphate (SO4 ) 220

Bicarbonate (HCO3) 285
Total hardness (CaCO3 ) 451
Fluoride (F) 0.1.

lotal solids 590

Field test by U. S. Geological Survey
(May 1965)

Specific conductance
(licronihos at 250 C) 700

pH1  7.0
Iron (ppm) 0.25
Temperature ("F) 50
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Laboratory Analysis by Michigan Department of Health

43N 32W 21-3 (collected July 1965) 43N 32W 21-4

Well No. 2 Well No. 3

Silica (SiO2) 13 ppm 14 ppm

Iron (Fe) 1.0 1.5
Calcium (Ca) 38 35
Magnesium (Mg) 13 9.8

Sodium and Potassium (Na+K) 4.7 3.5
Chloride (Cl) 1.0 0

Sulphate (SO4) 24 5
Bicarbonate (HCO 3 ) 161 161
Total Hardness (CaCO 3 ) 150 128
Fluoride (F) 0 0
Total Solids 190 154

A flowing well on the east edge of the business district, known as

Crystal Mineral Spring, was drilled many years ago as an iron ore test hole.

Laboratory analysis by U. S. Geological Survey
(collected September 24, 1965)

Well 43N 32W 29-1

Bicarbonate (IC03) 358 ppm
Carbonate (C03) 0
Sulphate (SO4) 108
Chloride (CI) 30
Nitrate (NO3) 0.1
Hardness (CaCO3 ) 416
Hardness (Noncarbonate) 122
Iron (Fe) Field test 0.1

Specific conductance

(Nicromios at 25°C) 784
pH 7.5

42N 33W 12-I

Laboratory analysis well No. 1 by Michigan Department of Health
(collected February 1961--before treatment)

Silica (SiO2 ) I ppm
Iron (Fe) 1.4
Calcium (Ca) 20
Magnesium (Mg) I1
Sodium and Potassium (Na+K) 2.5
Chloride (Cl) 0
Sulphate (SO4) 22
Bicarbonate (liC0 3 ) 97
Total hardness (CaCO 3 ) 95
Fluoride (F) 0
Total solids 126
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Laboratory analysis by Michigan DeRartment of Health
42N 35W 11-1 42N 34W 13-1

Well #1 Well #2

(July, 1959) (Aug., 1959)

Silica (SiO2 ) 15 ppm 14 ppm
Iron (Fe) 0 0.1
Calcium (Ca) 32 53
Magnesium (Mg) 16 30
Socium and Potassium (Na+K) 3.2 3.3
Chloride (Cl) 0 10
Sulphate (S04) 18 13
Bicarbonate (HC03) 159 290
Total hardness (CaC03) 144 254
Fluoride (F) 0.1 0
Total solids 170 274

Laboratory Analysis of well No. 3 by Michigan Department of Health
(collected July 1965) 44N 33W 8-3

Silica (SiO2) 12 ppm
Iron (Fe) 0.4
Calcium (Ca) 54
Magnesium (Mg) 21
Sodium and Potassium (Na+K) 30.1
Chloride (Cl) 37
Sulphate (SO4) 37
B carbonate (OC03) 222
Total hardness (CaCO3 ) 222
Fluoride (F) 0
Total solids 322

42N 33W 12-1

Field analysis well No. 1 by U. S Geological Survey

(July 1965)

Specific conductance
(Micronhos at 25'C) 195

p11 7.0

Iron (ppm) 0.7

Temperature (OF) 46
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Laboratory analysis by Michigan Department of Health
44N 33W 16-1 43N 33W 14-1 44N 33W 16-2

Well No. I Well No. 2 Well No. 3
(July, 1959) (July, 1959) (June 7, 1965)

Silica (SiO2) 13 ppm 11 ppm -- ppm
Iron (Fe) 0 0.1 0.2

Calcium (Ca) 40 30 --

Magnesium (Mg) 20 14 --

Sodium a.1 Potassium (Na+K) 4.8 3.1 --

Chloride (Cl) 6 0 1
Sulphate (SO4 ) 13 II --
Bicarbonate (11C0 3 ) 200 150 --

Total hardness (CaCO3 ) 182 132 160
Fluoride (F) 0 0 0.1
Total solids 244 158 --

Manganese (Mn) -- -- 0

Nitrates .... 0.5

Ni:rates .01

pH .... 8.1

.
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Laboratory Analysis by Michigan Department of Health
(collected November 24, 1964)

43N 34W 28-1 43N 34W 28-2
Well No. 1 Well No. 2

Silica (Si02 ) 10 ppm 10 ppm
Iron (Fe) 0 0
Manganese (Mn) 0 0
Calcium (Ca) 42 48
Magnesium (Mig) 18 21Sodium (Na) 2.0 2.3

Potassium (K) 1.0 1.4
Nitrate (NO3) 1.3 0.6
Chloride (Cl) 0 0
Sulphate (SO4 ) 33 37
Bicarbonate (OC03) 200 225
Carbonate (C03) 0 0
Hardness (CaCO3 ) 180 205
Fluoride (F) 0 0
Total solids 180 220

pH 7.7 7.5
Specific conductance

(Micronhlos at 250C) 390 420

Laboratory analysis by Michigan Department of Ihalth
(collected July 1959)

43N 35W 16-1 43N 35W 21-1
Rvd~n _ ____

Silica (SiO2 ) 12 ppm 13 11r
'Iron (Fe) 0 0
Calcium (Ca) 32 36

agnesium (Mg) 19 22

Sodium and Potassium (Na+K) 2.5 2.9
Chloride (Cl) 0 0
Sulphate (SO4 ) 5 II
Bicarbonate (ICO 3 ) 154 17.
Total hardness (CaCO 3 ) 132 158
Fluoride (F) 0 0
Total Solids 148 172
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MARQUETTE COUNTY

WATER QUALITY
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M4ENOMINEE COUNTY

WATER QUALITY

96



Chemical analyses of water samples from lower sandstones
(analyses by the U.S. Geological Survey except as noted)

Chemical constituents (ports per million)

0

0 U U)
.o~~ a eq " "

' - '-

z' E a "0 .0o -• * - o " o .- - .- 0 -

2 a 4- E 0 "a

aayssbytU. L. GelgclSre : excp o 38N 28W - by th ihgnDprteto e

OS ~ u .....uu0

* c t 0 E
0. VU

•* a- CL CO U al X

37N VW 11-. 4- 5-63 .33 88 37 3.4 1.4 306 97 27 460 372 6817.7

Chemical analysis of water samples from the glacial drift
(analyses by the U. S. Geological Survey except for 38N 28W 5.1 by the Michigan Department of Health)

Chemical constituents (ports per million)

-.4. U .

6u

I a I

'* o 6 0 0 o oal

E 7z
U 3 C XE o - .2 -U

.0 U -E -. .. C.

C 0 0 0 a .

01 3 U :X CL a. ~ i U z a. s

'18N 28W 5-1 4- 5-63 .894 39 36 1.2 4081 11 17r 7 33395 84 .9
382W .1 8.-3 1................1 1 *.. 390....

Chemical unalyses of water samples from middle limestones and sandstones
(analyses by the U. S. Geological Survey) ______

Chemical constituents (parts per million)

C

.0 0 UC

-U -6 E

o E- 2 4
00c ~ ~~~~ U L ~ ~ E S

VS - 0
-~~i C C SX0 U

37~2W1.1 5.7.62 .93 57 33 3.M.2 2~ 42 F7.0 3091 278 5241 8.1
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